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Preface

This publication is a compilation of papers presented at the First Annual Space
Station Evolution Symposium: Beyond the Baseline on February 6-8, 1990. The
symposium focused on the presentation of results by the personnel responsible for
advanced system studies and advanced development tasks within the Space Station
Freedom Program. The symposium provided an opportunity for dialogue between
the users, designers, and advanced planners for Station regarding the long-term
utilization of Space Station Freedom.

The papers describe efforts included within the Level | Transition Definition
Program to define and incorporate baseline design accommodations which satisfy
the requirements associated with potential evolutionary paths, and to develop
advanced technology which will enhance Space Station capabilities and enable its
evolution. The papers describe work accomplished during fiscal year 1989 and were
preksented by those in Government, industry, and academia who performed the
tasks.

This publication consists of two volumes. Volume 1 contains the results of the
advanced system studies with the emphasis on reference evolution configurations,
system design requirements and accommodations, and long-range technology
projections. Volume 2 reports on advanced development tasks within the Transition
Definition Program. Products of these tasks include: engineerin%fidelity demon-
strations and evaluations on Station development testbeds and Shuttle-based flight
experiments; detailed requirements and performance specifications which address
advanced technology implementation issues; and mature applications and the tools
required for the development, implementation, and support of advanced
technology within the Space Station Freedom Program.

Dr. Earle K. Huckins 11l

Director, Space Station Freedom Engineering
Office of Space Flight

NASA Headquarters



Listed below are the persons who made this symposium possible.

COMMITTEE MEMBERS
Conference Chair:
® Earle Huckins Il
NASA Headquarters ® Paul Neumann
Space Station Freedom
Program Planning Committee Program Office
Technical Chairs:
® John Muratore
® Stephen Cook NASA Lyndon B. Johnson
NASA Headquarters Space Center
Evolution Systems Studies and
Analysis ® Henry Lum

Ames Research Center
® Gregg Swietek

NASA Headquarters ® Wayne Zimmerman
Advanced Development NASA Headquarters
Program
® Dale Weathers
i Session Chairs: Space Station Freedom
| Program Office
® E. Brian Pritchard
NASA Langley Research Administrative Co-Chairs:
Center
® Glenn Freedman
® Barry Meredith UH-Clear Lake
NASA Langley Research
Center ® Carla Armstrong

Barrios Technology
® Karen Brender

NASA Langley Research Graphics Coordinator:
Center
® peter Colangelo
® Gregg Swietek Omniplan Corporation
NASA Headquarters



CONTENTS -Volume 2, Part 2

Title Page
SPACE STATION FREEDOM ADVANCED DEVELOPMENT PROGRAM
OVERVIEW e 1
SESSION IV: FLIGHT SYSTEMS AUTOMATION
Session Chair: Mr. Paul Neumann, Space Station Freedom Program Office

DEVELOPMENT STATUS AUTOMATION ADVANCED DEVELOPMENT

SPACE STATION FREEDOM ELECTRICPOWERSYSTEM ................... 21
SPACE STATION FREEDOM ADVANCED DEVELOPMENT
BIMONTHLY REPORT FOR SSM/PMAD AUTOMATION ................... 37
AUTOMATION OF THE ENVIRONMENTAL CONTROL AND
LIFE SUPPORT SYSTEM ... e 59
PI-IN-A-BOX, AN EXPERT SYSTEM TO ADVISE ASTRONAUTS
DURING EXPERIMENTS ... e e e e ee e 79
REMOTE MANUPILATOR SYSTEM (RMS) AUTOMATION ................ 121
THERMAL EXPERT SYSTEM - TEXSYS DEVELOPMENT AND
TEST REVIEW L et e 157
SUMMARY OF ASTRONAUTS' INPUTS CONCERNING AUTOMATION ...... 173
SESSION VI: GROUND OPERATIONS AUTOMATION
Session Chair: Mr. John Muratore, NASA Lyndon B. Johnson Space Center
REALTIME DATASYSTEM ... . e 189
TRANSITION FLIGHT CONTROLROOM AUTOMATION .................. 221
INTELLIGENT COMPUTER-AIDED TRAINING .. ...... ... ..., 239
PLATFORM MANAGEMENT SYSTEM EVOLUTION ...................... 255
AUTOMATED PLATFORM MANAGEMENT SYSTEM SCHEDULING ........ 299

CONCEPTS IN DISTRIBUTED SCHEDULING AND CONTROL ............. .. 325



Title Page

SESSION Viil: SPACE STATION INFORMATION SYSTEMS
Session Chair: Mr. Robert Nelson, Space Station Freedom Program Office

DATA MANAGEMENT SYSTEM (DMS) ADVANCED OPERATING

SYSTEM STUDY L e e e e e 343
OMS ADVANCED AUTOMATION: FDIRPROTOTYPING ................. 363
OPERATIONS MANAGEMENT SYSTEM; EVENT EVALUATOR
AND SCHEDULER ... ... e e 385
AUTOMATED SOFTWARE DEVELOPMENT WORKSTATION (ASDW) ...... 405
EVOLUTION PATHS FOR ADVANCED AUTOMATION ................... 421
SESSION IX: ADVANCED AUTOMATION ENVIRONMENTS
Session Chair: Dr. Henry Lum, NASA Ames Research Center
ART/Adaand CLIPS/Ada ... ... ..ot ees 437
KNOWLEDGED-BASED SYSTEMS VERIFICATION AND VALIDATION ...... 445
THE SOFTWARE SUPPORT ENVIRONMENT DESIGN KNOWLEDGE
CAPTURE (SSE/DKC) PROJECT .. .. e 461
ADVANCED ARCHITECTURETESTBED .. ... . ... 491
SPACEBORNE AUTONOMOUS MULTIPROCESSOR SYSTEMS ............. 515
EOS PROCESSOR EXPERIMENT (ISES) . ... ... ..o 527
AUTONOMOUS CONTROL (FORMERLY LAUNCH OPERATIONS) .......... 565
SESSION X: TELEROBOTICS TECHNOLOGY AND APPLICATIONS
Session Chair: Mr. Wayne Zimmerman, Office of Space Station
TELEROBOTICSYSTEM TECHNOLOGY ... ... ... iiiiiiiiniiiannnn. 587
ROBOTIC ASSEMBLY OF LARGE SPACE STRUCTURES ............oovnunn. 651

vi




Time

Topic

Presenter

Monday February 5, 1990

6:00 p.m. - 9:00 p.m.

Registration

Tuesday February 6, 1990

7:30 a.m.

8:30

9:.00

9:30

| 4 10:00
10:30

! 11:00

11:30

i 12:00 - 1:30

1:30 - 4:30

1:30 - 4:30

5:30
6:30

Registration

OPENING SESSION

Welcoming Remarks

Keynote Address

Space Station Freedom Program Overview

Break
Human Exploration Mission Planning

Mission to Planet Earth

Space Station Freedom Evolution

Lunch - Harbour Club

Dr. Aaron Cohen
Director, NASA Johnson Space Center

Dr. William B. Lenoir
Associate Administrator for Space Flight and
Acting A iate Administrator for Space Si

Mr. Richard H. Kohrs

Director, Space Station Freedom

Dr. Franklin D. Martin

Assocrate Adrmunistrator for Explocation

Dr. Shelby G. Tilford

Manager, Geostationary Obsarvations, Mission to Pianet Earth

Dr. Earle K. Huckins 1

Director, Strategic Plans and Programs Dwvision
Otfice of Space Station,

NASA Headguarters

SESSION | — EVOLUTION MISSION AND PLANNING

Session Chair:

Mr. E. Brian Pritchard

NASA Langley Research Center

Long-range Planning for Science Utilization
on Space Station

Space Station Accommodation of Lunar/Mars
Exploration Program

Advanced Transporation Systems
Future European Manned Space Infrastructure

Break
Japan's Future Space Activities

Canadian Space Activities in the 21st Century
Space Station as a Technology Testbed

Life Sciences Planning for Manned Missions

Mr. Robert C. Rhome
NASA Headquarters

Mr. Lewis Peach
NASA Headquarters

Mr. Darrell R. Branscome
NASA Headquarters

Mr. Jacques Collet
European-Space Agency

Mr. Masatoshi Saito
Natnonal Space Deveiopment Az2ncy of Japan

Mr. R. Brian Erb

Canacian Liaison Office

Dr. Judith Ambrus
NASA Headquarters

Dr. Arnauld E. Nicogossian
NASA Headquarters

SESSION 1l — TECHNOLOGY AND ADVANCED DEVELOPMENT OVERVIEW

Session Chair: Mr. Gregg Swietek
NASA Headquaners

Oftice ot Aeronautics and Space Technology
(OAST) Programs

OAST Systems Autonomy and Telerobotics Programs

Oftfice of Space Flight Advanced Development
Activities

Space Station Freedom (SSF) Flight Telerobotic
Servicer

SSF Advanced Development Program Overview

Reception
Banquet with Speaker

vii

Or. Judith Ambrus
NASA Headquarters

Dr. Mel Montemerio
NASA Headquarters

Ms. Pat Connor
NASA Headquarters

Dr. Harry McCain
NASA Goddard Space Fight Centec

Mr. Gregg Swietek
NASA Headquarters




Time

Topic

Presenter

Wednesday February 7, 1990

L

8:30 - 12:00

8:30 - 12:00

12:00 - 1:00

1:30 - 4:30

SESSION 11l — CONFIGURATION EVOLUTION

Session Chair; Mr. E. Brian Pritchard
NASA Langley Research Center

Space Station Freedom Integrated Research and
Development Growth

Space Station Transportation Node
Concepts and Analysis

Servicing Capability for the Evolutionary
Space Station

Evolutionary Space Station Fluids Management
Space Station Logistics Systems Evolution

Space Transfer Vehicle Accommodations
at Transportation Nodes

A Radiological Assessment of Space Nuclear
Power Operations Near Space Station

Piatiorm Evolution Studies

Mr. Rudy Saucillo
McDonnell Douglas, Washington, D.C.

Mr. William Cirillo
NASA Langley Reserach Center

Mr. Ted Grems
McDonnell Douglas Greenbelt, MO

Mr. Steve Stevenson
NASA Lewis Aesearch Center

Mr. Michael Tucker
NASA Marshall Space Flight Center

Mr. Uwe Hueter
NASA Marshall Space Flight Center

Mr. Steve Stevenson
NASA Lewis Research Center

Ms. Barbara Walton
NASA Goddard Space Flight Center

SESSION iV — FLIGHT SYSTEMS AUTOMATION

Session Chair:

Mr. Paul Neumann

Space Station Freedom Program Office

Autonomous Power Management and Distribution
(PMAD)

Laboratory/Habitation Module PMAD Automation

Environmental Controf and Life Support System
(ECLSS)

Pl-in-a-Box
RCS/RMS Automation using Procedura! Reasoning

Thermal Control Expert System

Summary of Astronauts’ Inputs Concerning
Automation

Lunch - Harbour Club

Mr. Jim Dolce / Mr. Gale Sundberg / Mr. Jim Kish
NASA Lewis Research Center

Mr. Bryan Walls
NASA Marshall Space Flight Center

Mr. Brandon Dewberry
NASA Marshell Space Flight Center

Dr. Larry Young / Dr. Silvano Colombano
Massachussetts Institute of Technology /
NASA Ames Research Center

Mr. H. K. Hiers
NASA Jonnson Space Center
Dr. John Bull / Ms. Kathy Healey /

Mr. Jeft Dominick
NASA Ames Research Center /
NASA Johnson Space Center

Mr. Dave Weeks
NASA Marshall Space Flight Center

SESSION V — SYSTEM EVOLUTION

Session Chair:

Mr. Barry D. Meredith

NASA Langley Research Center

Assuring Data Transparency Through Design
tMethodologies

EVA Systems

Data Management Systems

Active Thermal System

Break
Guidance Navigation and Control

Coammunications and Tracking
Structural Analysis of Evolution Station Concepts

Environmental Control and Life Support System

vili

Mr. Alien Williams

Harris Corporation
Mr. Michael Rouen
NASA Johnson Space Center

Ms. Katherine Douglas
NASA Johnson Space Center

Mr. Richard L. Bullock
NASA Jonnson Space Center

Mr. Jerry Kennedy
TRW. Inc.

Mr. William Culpepper
NASA Johnson Space Center

Mr. Paul Cooper
NASA Langley Research Center

Mr. Paul Wieland
NASA Marshall Space Flight Center



Time

Topic

Presenter

Wednesday February 7, 1990 (continued)

1.00 - 4:30

SESSION Vi - GROUND OPERATIONS AUTOMATION

Session Chair:

Mr. John Muratore

NASA Johnson Space Center

Real Time Data Systems for Mission Control

Transition Flight Control Room Automation

Intelligent Computer-Aided Training Environment

Platform Management System (PMS) Evolution
Automated PMS Scheduler

Concepts in Distributed Planning and Control

Thursday February 8, 1990

Mr. John Muratore / Mr. Troy Heindel
NASA Johnson Space Center

Mr. Al Brewer
NASA Johnson Space Center

Mr. Bob Savely
NASA Johnson Space Center

Mr. John Hartley / Mr. Mike Tilley
NASA Goddard Space Fiight Center

Or. Larry Hull
NASA Goddard Space Flight Center

Dr. Elaine Hansen / Dr. Larry Hull
NASA Goddard Space Flight Center

8:30 - 11:00

8:30 - 11:00

11:00 - 12:00

12:00 - 4:00

SESSION Vil — OPERATIONS EVOLUTION

Session Chair:

Ms. Karen Brender

NASA Langley Research Center

Operations Analysis for Evolution Station Concepts
Vehicle Processing Operations Database (VPOD)
On-orbit Assembly and Servicing Task Definition
Advanced Robotics for In-Space Vehicle Processing

Advanced Automation for in-Space Vehicle Processing

Space Vehicle Deployment form Space Station

Graphical Anatysis of Mars Vehicle Assembly

Ms. Karen Brender
NASA Langiey Research Center

Mr. George Ganoe
NASA Langley Research Center

Mr. Rick Vargo
McDonnell Douglas. Kennedy Space Center

" Dr. Jeffrey Smith

NASA Jer Propulsion Laboratory

Dr. Michael Sklar
McDonneil Douglas, Kennedy Space Center

Mr. Paul Henry
NASA Jet Propuision Laboratory

Mr. Kevin Lewis
NASA Johnson Space Center

SESSION Viit — SPACE STATION INFORMATION SYSTEMS

Session Chair:

Mr. Del Weathers

Space Station Freedom Program Office

Data Management System Advanced Automation

Operations Management System (OMS)
Globat Fault Detection / Isolation

OMS Event Evaluator and Scheduier
Automated Software Development Workstation

Technical and Management information
System Design Knowledge Capture

Evolution Paths for Advanced Automation

Lunch - Harbour Club

Ms. Katherine Douglas / Mr. Terry Humphrey
NASA Jonnson Space Center

Mr. Matt Hanson

Mr. Rick Eckelkamp
NASA Johnson Space Center

Mr. Ernie Fridge

NASA Johnson Space Center

Dr. John Boose / Dr. Jetf Bradshaw /

Dr. David Sheema / Dr. Stanley Covington
Boeng Advanced Technology Center

Ms. Kathy Healey
NASA Johnson Space Center

SESSION IX — ADVANCED AUTOMATION ENVIRONMENTS

Session Chair:

Dr. Henry Lum

Ames Research Center

CLIPS/Ada Programming Tool

ART/Ada Programming Tool

ix

Mr. Chris Culbert
NASA Johnson Space Center

Mr. Chris Culbert
NASA Johnson Space Center



Time Topic

Presenter

Thursday February 8, 1990 (continued)

Knowledge-Based System Verification and Validation
Intelligent Systems Engineering Methodology
Software Support Environment Design Knowledge
Capture

Advanced OMS Architectures Testbed

Spaceborne Autonomous Multiprocessor System

information Sciences Experiment System Architecture

Ms. Sally Johnson
NASA Langiey Research Center

Dr. Bruce Bullock
ISX, inc.

Mr. Tom Dollman
NASA Marshall Space Flight Center

Mr. Terry Grant
NASA Ames Research Center

Mr. Alan Fernquist
NASA Ames Research Center

Mr. Nick Murray / Mr Steve Katzberg
NASA Langley Research Center

12:00 - 3:00 SESSION X — TELEROBOTICS TECHNOLOGY AND APPLICATIONS

Session Chair: Mr. Wayne Zimmerman
NASA Headquarters

JPL Shared Control Architecture

JPL/KSC Robotic Inspection

Robotic Assembly of Large Space Structures
Space Station 1VA Payload Robot

Advanced Human-System Interface

Dr. Paul Backes / Dr. Samad Hayati
NASA Jet Propulsion Laboratory

Mr. Brian Wilcox / Mr. Leon Davis
NASA Jet Propulsion Laboratory /!
NASZ Kennedy Space Center

Mr. Ralph Witl / Mr. Marvin Rhodes
NASA Langiey Research Center

Mr. E. C. Smith
NASA Marshall Space Flight Center

Dr. Mike McGreevey
NASA Ames Research Center




SESSION Viii
SPACE STATION INFORMATION SYSTEMS

Session Chair:
Mr. Robert Nelson
Space Station Freedom Program Office



68/1€/01
UOISIAIQ ©Jem}joS }jesoededg

Jeluen eoedg uosuyor YSVN
AauydwnH 'q Aue]

AdNLS INJLSAS ONILVHIdO dIONVAAV

(SNA) NILSAS LNIWIODVNVIN V1vd

343



DATA MANAGEMENT SYSTEM (DMS)

ADVANCED OPERATING SYSTEM STUDY

ABSTRACT

The Space Station Freedom’s Data Management System (DMS)
provides the common hardware and software needed by onboard
systems such as the guidance, navigation and flight control
system and the environmental control and life support system.
One of the most important of the common software items used
by all onboard systems is the DMS standard data processor’s
operating system. A future upgrade of the DMS will be needed
to accommodate significantly more onboard application
software. The most cost-effective approach is to insert
additional processors in existing onboard computers using the
Intel Multibus II backplane. This will require an upgrade of
the operating system to include multiple processor
management. In order to minimize changes to the existing
application software and other DMS system software, this
operating system upgrade must consider the combination of all
the old requirements with the new. The purpose of this study
is to investigate the current and future operating system
requirements for the space station DMS and to identify viable
solutions to the problems of acquiring, transitioning to, and
maintaining an advanced operating system which meets these

requirements.
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ABSTRACT

The purpose of this project is to address the giobal fault
detection, isolation and recovery (FDIR) requirements for
OMS automation within the Space Station Freedom
program. This shall be accomplished by developing a
selected FDIR prototype for SSFP distributed systems. In
particular, FDIR functionality for the management of
ground and onboard computer networks will be
prototyped (initially in JSC’s SSCC test bed). The first of
five incremental prototypes is currently in its coding
phase, and will be demonstrated in January 1990. The
final prototype is planned for a March 1992 demonstration.
The prototype shall be based on advanced automation
methodologies in addition to traditional software methods
to meet the requirements for automation. A rule-based
expert system driven by an object- oriented mode! of the
physical network is being prototyped to accomplish this.
The flow of the system executive and diagnostic process
are overviewed, and the progression of the project
through incremental prototypes is outiined. The intent is
to develop a system that can be transitioned to
operational status, and to identify hooks and scars to
make it so. Another goal of this project is to establish an
approach to distributed system FDIR that can be related to
other station-wide fauit management systems. iIn this
light, the advantages and lessons-learned of the
implementation will be discussed throughout the project
via regular briefings and technical documentation.
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INTRODUCTION

This is a Code S RTOP sponsored by Gregg Swietek at
Headquarters. it has been contracted to Ford Aerospace
Corp. in Houston, and locally monitored by Catherine
Wiiliams through Mike Kearney’s Network and
Communications Systems Development Branch (within
the Systems Development Division). At Ford, itis
principally manned by Matt Hanson (technical lead), Eric
Taylor, Charles Copeland and John Engvall (Advanced
Research Section Head). The Ford people are members
of their Al Lab, which was established in 1983.

The Space Station Operations Management System
(OMS) will automate major management functions to
coordinate the operations ot SSFP systems, elements and
payloads. The objectives of OMS are to improve safety,
reliability and productivity while reducing maintenance
and operations cost. This wili be accomplished by using

“advanced automation techniques to automate much of the
activity normally performed by the flight crew and ground
personnel. The OMS is a set of functions which includes
application software and manual interactions with the
Freedom Station either from onboard or on the ground.
OMS requirements have been organized into tweive
functional groups for both OMA and OMGA.

The scope of this prototyping effort falls within the
Station-Wide Fault Management (SWFM) requirements
group for OMS. Prototyping will center on the application
of advanced automation techniques to computer network
FDIR for ground and onboard computer networks. This
selection will provide a real FDIR scenario (vs. a
simulation) that will provide valuable experience in
advanced automation applied to distributed system FDIR.
The prototypes will operate via “controlied mode," giving
the user the various levels of override and general control
required of OMS FDIR.
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BACKGROUND

Distributed processing is replacing the central
processing/dumb terminal architecture for command and
control. The NSTS Mission Control Center Upgrade, the
DMS and SSCC architectures are all representative of this
trend. This evolution presents many advantages, but adds
the complication of managing the distributed processing
across these networks.

Fault Detection, Isolation and Recovery for these networks
is the application focus of this prototyping etfort. Since
the target environment physically exists, valuable
experience will be gained in applying advanced
automation to FDIR on distributed systems. Our goalis to
demonstrate this application and its architecture on JSC’s
SSCC and DMS test beds.

Computer network FDIR Is integral to global FDIR. Many
onboard system problem scenarios will be directly
attributable to fallure of computer network components.
The primary functional goal of this prototype is to
demonstrate rapid FDIR capabiiity that is sensitive to the
mission safety and mission success priorities of individual
processing nodes. This application would aid and serve
the network administrator. Another major goal is the
design and demonstration of a knowledge-based system
architecture that can be generally applied to FDIR
applications for distributed systems.
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APPROACH

In our approach we target an FDDI (Fiber Distributed Data
Intertace, 100 Mbps token ring) backbone with various
subnet topologies. These subnets will be token passing
busses or token passing rings to represent the DMS, and
ethernets to represent a likely SSCC scenario.

Through our initial prototype baseline activity, we have
selected an architecture and tool set. The architecture is
overviewed on the next slide. This slide lists the tools
we've selected. The system Is being developed on a Sun
workstation, with the objective of making it
Unix-transportable. MIT's X-Windows will be used as the
user interface for windows, graphics, and user event
handling. X-Windows has broad industry support as a
de-facto standard. Our design employs object oriented
programming to model the network topologies. The
rationale for the models will be explained on the next slide.
C+ + Is being used to implement these models. The
production systems are being developed using
Production Systems Technologies’ Ops83. Ops83 is the
fastest production system we've bench-marked, features a
programmable recognize-act cycle, and interfaces readily
to the rest of the selected tools. Hardware vendor
independence is highly desirable, and applications
developed using these tools have proven to be readily
transportable across Unix workstations.

The initial prototype will simulate the physical network as a
dynamic data source for the system. Just as in aircraft
simulators, this approach will allow training for difficult
scenarios without actually "crashing” anything. Beyond
training, the simulator will make the KBS heuristics
development simpler, and will provide for effective
demonstrations. The Initial prototype is scheduled for
mid-January.
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APPROACH (cont.)

Four more incremental prototypes will follow the first at
approximately 24-week intervals. The intermediate
prototypes will interact with network hardware on JSC’s
SSCC test bed. A Fibronics FDDI system is currently in
place on this test bed, and we are currently investigating
COTS solutions to provide the KBS with the monitoring
capability and control authority desired. The simulator will
continue to be refined throughout the project. In addition,
a major emphasis will be to add robustness to the KBS
heuristics during development of the second, third, and
possibly fourth prototypes.

The fourth and fifth (final) prototypes will continue to add

robustness to the simulator and to the KBS's FDIR
capability. For these, SSFP-specific FDIR scenarios will be
developed and demonstrated as SSFP operations
concepts mature. This will involve recovery steps
sensitive to processing node priorities concerning mission
safety and mission success. We also have a goal ot
interacting with other OMS prototyping etforts. For
example, the prototype could provide feedback to
planning functions concerning network reconfiguration
scenarios.
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APPROACH (cont.) - PROTOTYPE-1 OVERVIEW

This figure shows an overview of the first prototype. The
SYStem process contains the executive and keeps an
object- oriented model of the physical network at hand for
KBS processes to perform FDIR heuristics on. The
executive spawns all other processes, and is the
"heartbeat" of the system. The process flow that describes
this heartbeat is iliustrated on the following slide. The
OOP model of the physical network contains a facsimile ot
the basic network configuration and dynamic status of the
network. Dynamic status is updated through unsolicited
error messages from network nodes and as-needed
poliing of the network nodes. Polling demands may come
from KBS processes or the network administrator.

The SiMulation process is similar to the SYS OOP model.
This is the network maifunction simulator. System tauit
requests from the user interface will be translated to
symptoms and error messages that would be visible to the
executive through OSI network management services and
protocols.

The KBS and User Interface processes are shown
interacting with the executive. This interaction is
described in the high level process flow on the following
slide. For KBS development and demonstration, the
"game" of the system will be to correctly diagnose the fault
that was "injected” into the SIM mode! based on error
messages and retrievable system parameters. Having
achieved this, the next step woulid be to recommend a
recovery plan. All or part of the plan may be executed
automatically depending on the control mode and the
existence of control mechanisms.
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APPROACH (cont.) - PROTOTYPE PROCESS FLOW

This figure describes the system heartbeat referenced in
the previous slide. The User I/F process is shown
interacting with all stages of the process flow.

The SIM model first handies malfunction requests from
the user. The concurrent processing of the SIM is not
shown here, but sutfice to say that it inserts the
malfunctions into the model. The SIM objects respond by
having their member functions simulate the symptoms of
the malfunction. Some of these symptoms are
asynchronous error messages sent to the SYS.

The error message queue Is checked for new messages,
which are then heuristically mapped to "problems."
Heuristics are then used to organize the problem
instances into cause-effect relationships. The purpose is
to isolate root problems for diagnosis.

The importance and severity of each problem is
determined, and the highest priority problem is passed to
the Diagnostic Process. The priority of the problem may
also be a function of its solvability. If test results are
required for further diagnosis, the priority may be lowered
until the results are available. The Diagnostic Process,
shown as the last box in the cycle, is expanded on the
foliowing slide.
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APPROACH (cont.) - DIAGNOSTIC PROCESS

Before analyzing the highest priority problem passed in,
the Diagnostic Process takes care of any unfinished
business. The test results queue is checked to see if there
are any new results ready from previous requests to run
test procedures. If there are (and if they apply to the
probiem the KBS is currently working on), the KBS uses
them to draw conciusions about its list of potential
diagnoses. it may confirm the diagnosis and notify the
network administrator of recovery recommendations, or it
may add or remove candidate diagnoses from its list for
this problem.

Note that the test resuits may invoive problems that are
currently "suspended."” These problems may receive a
higher priority now that more data is available.

The highest priority problem is now compared to the
current problem. If different, the current problem is
“"suspended" in favor of the higher priority problem. A list
of candidate diagnoses is generated if this is a new
problem, and the list is ranked by likelihood.

Test procedures are then heuristically selected, to confirm
or deny candidate diagnoses. Note that these test
procedures may range from simple status gathering to
employing technicians to carry out complex procedures.

The "A" exiting the last box returns control back to the top
of the Process Fiow. Note that this Diagnostic Process
assumes that only one problem is being diagnosed at any
given time. This concept can be extended by spawning
concurrent diagnostic processes. We are currently
evaluating this mechanism for possible inclusion in future
prototypes.
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RESULTS ACHIEVED/EXPECTED

The front-end of this project consisted of several trade
studies encapsulated as the Baseline Study. Through
these studies, we formulated the initial prototype
application focus, hardware and software hosting
decisions, and projected the path of the remaining
prototypes. We regret the titie of this tech note, as it has
been misconstrued as an attempt to baseline OMS FDIR
requirements.

As of this writing, we are right in the middie of the first
prototype’s coding cycle. After it is demonstrated in late
January (1990), we plan to publish a tech note further
detailing the design, lessons learned, and the functional
goals of the remaining incremental development.

The goals of the first prototype are to completely shell the
user interface and establish its major functions, to
establish the SYS and SYM object-oriented models and
their primary member functions, and to integrate the
rule-based production system. We plan to have at least
one or two FDIR scenarios built in for the purposes of
evaluating our production system interface and
demonstration.
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BASELINE IMPACTS, DESIGN REQUIREMENTS &
TRANSITION PLANS

In choosing our prototyping tools and environment, we
have attempted to balance the need to use tools that allow
us to prototype rapidly, with the desire to wind up with a
system that may be transitioned into operations. In
choosing tools, we constrained ourselves to
"conservative" advanced automation technologies that are
supported by SSFP documentation. In particular,
rule-based programming and object-oriented
programming are identified as SSE ESDE (Expert System
Development Environment) attributes. The actual ESDE is
as yet undefined, however.

We anticipate that many of our computer network FDIR
scenarios will be general purpose, requiring little
adaptation. However, there will also be several needing
adaptation to actual onboard and ground computer
network topologies and operations concepts. Similarly,
we plan to flag computer network design requirements for
this type of advanced automation as we uncover them.
We have baselined the general topologies and standards
that we believe will be applied to SSFP, though the
standards and designs are still moving targets. We
anticipate that this approach wiil minimize both the
hooks-and- scars requirements and transition plans as
much as possible, though they will most likely still be
considerable efforts. As these impacts clarity during the
prototyping process, they will be addressed in our regular
status reports and documentation.
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CONCLUSION

This is a prototyping project to investigate the application
of advanced automation techniques to the OMS FDIR
requirements group. The application focus for this
prototyping effort is SSFP computer network FDIR. The
system is being built with the controlled mode
requirements specified tor OMS FDIR functions. Such a
system would be a vaiuabie companion to the network
administrator in more efficiently detecting, isolating and
recovering from malfunctions. This will result in increased
mission safety and success, and lower operating costs.

This application can be abstracted to performing FDIR on
a distributed system. Therefore, its advantages and
disadvantages will be known as other station-wide fault

- management systems are designed and developed.

Our goal is to prototype a system that can be transitioned
to operational status. In addition, we are building in the
capability for the system to perform as a training device.
From an operating system, OSI standards and network
topology viewpoint, the system should be adaptable to
SSFP computer network environments. The heuristics
built into the knowledge based system will probably
require a moderate transition effort. We plan to minimize
this by interacting with SSFP design and operations
concepts efforts.
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ABSTRACT

Software development is a serious bottleneck in the construction of
complex information systems development and evolution. The
heaviest development cost tends to occur in the early part of the life
cycle during requirements generation, requirments analysis, design,
and application development. Maintenance cost are even more. An
increase of the reuse of any of the software "parts” used in these
activities has been viewed as a way to relieve this bottleneck. One
approach to achieving software resuability is through the
development and use of software parts composition systems. A
software parts composition system is a software development
environment comprised of a parts description language for modeling
parts and their interfaces, a catalog of existing parts, a composition
editor that aids a user in the specification of a new application from
existing parts, and a code generator that takes a specification and
generates an implementation of a new application in a target
language. The Automated Software Development Workstation
(ASDW) is currently an expert system shell that provides the
capabilities required to develop and manipulate these software parts
composition systems. The ASDW is now in Beta testing at the Johnson
Space Center. Future work centers on responding to user feedback
for capability and usability enhancement, expanding the scope of the
support for collecting, representing, and manipulating knowledge
during the early phases of the information system lifecycle, and in
providing solutions for handling very large libraries of reusable
components.



INTRODUCTION

Goals

The ASDW (Advanced Software Development Workstation) task is
researching and developing the technologies required to support
CASE (Computer Aided Software Engineering) with the emphasis on
those advanced methods, tools, and processes that will be required to
support all of NASA. Immediate goals are to provide research and
prototype tools that will provide near term productivity increases in
projects such as the SSE (Software Support Environment), the SSCC
(Space Station Control Center), and FADS (Flight Analysis and Design
System) which is used to support the STS. Goals also include
providing technology for future SSE and operational systems by
adding knowledge based system support to all phases of information
systems development, evolution, maintenance, and operation.




INTRODUCTION
Goals:

* RESEARCH AND DEVELOP KNOWLEDGE BASED TECHNIQUES FOR
REUSE OF SOFTWARE ARTIFACTS TO SIGNIFICANTLY IMPROVE THE
PRODUCTIVITY IN THE DEVELOPMENT, OPERATIONS, AND
MAINTENANCE OF INFORMATION SYSTEMS.

* REDUCE THE EFFORT INVOLVED IN BUILDING SOFTWARE PARTS
COMPOSITION SYSTEMS

* RESEARCH AND DEVELOP THE "FRAMEWORK" FOR ACQUIRING,
REPRESENTING, INTEGRATING, AND TRANSLATING THE KNOWLEDGE
REQUIRED TO DEVELOP AND OPERATE INFORMATION SYSTEMS

* RESEARCH AND DEVELOP AN INTEGRATION "PLATFORM"
PROVIDING COMPUTER AIDED SOFTWARE ENGINEERING (CASE)
METHODLOGIES, TOOLS, AND CONCEPTS FOR DEVELOPING
INTEGRATED INFORMATION SYSTEMS



INTRODUCTION (CONTINUED)
Background

Phase I (October, 85 to April, 87) demonstrated the feasibility of a
knowledge based approach to application generation in a limited
domain. Phase II(April, 87 to February, 89) investigated ways to
exploit the use of knowledge representation, retrieval, and
acquisition techniques. A prototype demonstrated a knowledge based
system for the development of software parts composition systems
(ie, a software parts composition shell). Phase III (March, 89 to
December, 89) prototyped ways to handle the scale-up problem
(1000-100000 objects), prototyped ways to automatically generate
the taxonomy, and initiated two Beta test projects at JSC. One test
project is to generate trajectory mission planning simulations from
software parts and the other is to provide expert assistance to
operational users in setting up input data for simulations. The
projects will support the SSCC and FADS. During Phases 2 and 3, the
project also began joint activity with the USAF studying the
information requirements of information systems, their integration
and development processes, the methodologies required, and the
integrated tools and integrated knowledge base that supports this
development. The USAF is providing around $300K annually to study
the modeling, methodologies, information requirements of
manufacturing information systems, and to develop prototype tools.
Modeling is based on the USAF's IDEF methodologies. JSC added funds
to expedite the development of two methodology tools and a
computer assisted tutor to educate developers in the proper use of
the methodologies.



INTRODUCTION (CONTINUED)
Background

* PHASE 1 (10/85-4/87) PROTOTYPE DEMONSTRATED THE
FEASIBILITY OF A KNOWLEDGE BASED APPROACH TO APPLICATION
GENERATION IN A LIMITED DOMAIN

* PHASE 11 (4/87-2/89) INVESTIGATED WAYS TO EXPLOIT THE USE
OF KNOWLEDGE REPRESENTATION, RETRIEVAL, AND ACQUISITION
TECHNIQUES. A PROTOTYPE DEMONSTRATED A KNOWLEDGE BASED
SYSTEM FOR THE DEVELOPMENT OF SOFTWARE PARTS COMPOSITION
SYSTEMS (IE, A SOFTWARE PARTS COMPOSITION SHELL).

* PHASE III (2/89-12/89):

* PROTOTYPING WAYS TO HANDLE THE SCALE-UP PROBLEM (1000 -
100000 OBJECTS)

* PROTOTYPING WAYS TO AUTOMATICALLY GENERATE THE
TAXONOMY

* INSERTING THE ASDW TECHNOLOGY INTO AN ONGOING SSFP
PROJECT, THE OPAS (OPERATIONS PLANNING AND ANALYSIS
SYSTEM) AND PROTOTYPING SUPPORT TO THE STS'S FADS (FLIGHT
ANALYSIS AND DESIGN SYSTEM)

* INITIATED THE PROTOTYPING OF INFORMATION SYSTEM
METHODOLOGY TOOLS FOR KNOWLEDGE ACQUISTION AND MODELING



FY89 ACHIEVEMENTS

All FY89 objectives were successfully met and today, ASDW is a basic
shell for supporting the reuse of stored information whether it be
about software artifacts or any other design artifact. It contains
object managment and rule based constraint handling as well as a
sophisticated "point and click" textual user interface (called
"specification-by-reformulation”) that models the way people
communicate among themselves. A neural net approach has been
implemented to handle the large number of information objects that
can be stored and a capability to automatically generate the
taxonomy of objects was incorporated. An extensive "Help" system
using hypermedia technology was also implemented. The system was
put into field testing during the last quarter of FY89. One Beta test
supports the OPAS (Operations Planning and Analysis System)
project which is part of the SSCC. The other Beta test supports FADS
which is associated with the STS's MCC (Mission Control Center).




FY89 ACHIEVEMENTS
* ALL EXPECTED RESULTS WERE SUCCESSFULLY ACHIEVED
* SPECIFICATION-BY-REFORMULATION USER INTERFACE

* KNOWLEDGE REPRESENTATION FOR DOMAIN, SOFTWARE, AND
"KNOWLEDGE BASE" OBJECTS

* ASSOCIATIVE MEMORY (NEURAL NETS) APPROACH TO HANDLING
LARGE NUMBERS OF INFORMATION OBJECTS

* AUTOMATIC TAXONOMY GENERATION OF THE KNOWLEDGE BASE
OBJECTS

* HYPERMEDIA "HELP" DOCUMENTATION

* TWO BETA TESTS WERE INITIATED. ONE SUPPORTS THE SSCC AND
THE OTHER SUPPORTS THE MCC




FY90 OBJECTIVES

The objectives for FY90 are to support the user requested
enhancements that develop during field (beta) testing, improve the
usability of the system, and expand the scope of the life cycle that is
supported. Scale-up must be continually addressed as reuse of a
larger portion of the life cycle is addressed. "Internal” scale-up
addresses the systems capabilities to efficiently handle large
numbers of information objects while "External” scale-up addresses
the presentation to the user so that he/she is not overwhelmed by
the large amount of stored information. The development of the ESL
(Engineering Script Language) will allow non programmers to
develop applications and will also support rapid prototyping. The
development of a "Management Framework” will be initiated that
will guide the users to the correct knowledge acquisition for the
system being developed. The development of knowledge acquisition
and modeling tools will permit the correct information to be
collected. The development of the "integration platform” will
produce those utilities and uniform knowledge representations that
will integrate these tools and their generated models and knowledge
in a way that supports the reuse and sharing of knowledge between
models and allows the translation and reuse of knowledge
throughout the life cycle phases.




FY90 OBJECTIVES

* PROVIDE ENHANCEMENTS BASED ON USER FEEDBACK AS THE ASDW
IS PUT INTO FIELD TESTING

* CONTINUE ADDRESSING INTERNAL AND EXTERNAL "SCALE-UP”
PROBLEM

* ADD ESL FOR APPLICATION GENERATION AT THE "ENGINEER'S"
LEVEL

* PROVIDE A "MANAGEMENT FRAMEWORK" FOR ACQUIRING
INFORMATION BASED ON THE CHARACTERISTICS OF THE
INFORMATION SYSTEM BEING SUPPORTED

* PROVIDE KNOWLEDGE ACQUISITION PROTOTYPE TOOLS AND AN
"INTEGRATION PLATFORM" FOR COLLECTING, REPRESENTING,
INTEGRATING, REUSING, AND TRANSLATING CASE KNOWLEDGE
THROUGH THE LIFE CYCLE



FY90 APPROACH

The ASDW is now moving into phase IV which will significantly
broaden its scope of influence. During Phase IV, CASE research and
development will continue with the support of four organizations:
Inference Corporation, Softech, the KBSL (Knowledge Based Systems
Laboratory) at Texas A&M University, and the NRC (National
Research Council). Inference will provide the Object management and
rule based support for the entire ASDW, the reusable software
library management system, and the user interface for accessing
parts, for specifying new parts, and for assembling them to create
applications. These capabilities will be incorporated into the
component called BAUHAUS. Softech will provide an ESL (Engineering
Script Language) which should significantly increase productivity in
application generation. The ESL is a high level graphical language
that permits engineers with a minimum of programming training to
design applications that are populated with parts from the BAUHAUS
library. Constraint checking of the graph and the parts selection will
be provided. The ESL is based upon proven concepts which have
been put into operations at the Naval Research Laboratory in a
restricted domain . The ASDW effort will demonstrate its utility in
the mission planning and analysis domain. The ESL will be integrated
with the knowledge based library of reusable parts. The KBSL will
add a "Framework” of the information requirements, methodologies
(based on extended IDEF methodologies), integrated methodology
tools, theory of information modeling (what models are required,
when and how to produce them, how to use them, how to integrate
their knowledge, etc), and the various developer and user roles
across the life cycle. All of the activities in the Framework are
configurable to match the characteristics of the information system
being supported (eg, business vs engineering). The NRC will provide
research into the use of expert systems to support the operational
environment of the information system. This study will develop a
method to acquire knowledge while an application is being
developed, that can be used to help users to easily set up complex
input data in the completed application.



FY90 APPROACH

* PROVIDE A KNOWLEDGE BASED ENVIRONMENT FOR THE
DEVELOPMENT OF SOFTWARE COMPONENTS COMPOSITION SYSTEMS.
BUILT BY INFERENCE CORPORATION ON TOP OF ART-IM TO RUN ON
MULTIPLE HARDWARE PLATFORMS

* ADD AN ESL THAT IS AN EXTENSION OF THE OPERATIONAL
GRAPHICAL LANGUAGE DEVELOPED BY THE NAVAL RESEARCH
LABORATORY. THIS PERMITS "END USERS" TO DEVELOP
APPLICATIONS

* LEVERAGE USAF SPONSORED ACTIVITIES TO MODEL AND PROVIDE
KNOWLEDGE BASED SUPPORT TO THE DEVELOPMENT AND EVOLUTION
OF INFORMATION SYSTEMS

* INCORPORATE USAF KNOWLEDGE ACQUISITION AND
MANIPULATION CAPABILITIES

* ADD A "MANAGEMENT FRAMEWORK" THAT COORDINATES ALL OF
THE ACTIVITIES WITH THE CHARACTERISTICS OF THE INFORMATION
SYSTEM

* ADD AN "INTEGRATED PLATFORM" THAT PROVIDES INTEGRATED
METHODOLOGIES, UNIFORM KNOWLEDGE REPRESENTATION, AND THE
CAPABILITY TO TRANSLATE (REUSE) KNOWLEDGE BETWEEN
METHODOLOGIES.

* PROVIDE AN AUTOMATED USERS GUIDE CAPABILITY WHICH WILL
BE THE "FRONT END" OF A LARGE, COMPLEX, TRAJECTORY
SIMULATIONS SUPPORTED BY ASDW



TRANSITION PLANS

Field testing by users in JSC's mission planning community will be a
major thrust in FY90. The user interface will be made more graphical
with the capability to directly define applications from a block
diagram point of view. Expansion of the number of objects will be
increased to handle a volume in the neigborhood of 100,000. The
modeling, generation, and reuse of early life cycle artifacts will be
added along with the capability to use a common representation of
their information content and methods for them to share common
information. In FY91, a "Management Framework" that will guide the
knowledge aquisition and modeling process, the proper use of
modeling tools, and the selection of the proper methodologies to be
used, as a function of the characteristics of the information system
will be developed. This Framework will be supported with a platform
of integrated services and a knowledge representation language that
will integrate modeling tools used to define the information systems.
These modeling tools will enforce the correct use of the
methodologies. Also during this period, field testing support will
have defined techniques to support users in acquiring knowledge
required to operate the developed information system and and will
provide capability to assist users in the set up of operational data
input with knowledge base expert assistance.

All of this CASE research is general in scope and should benefit most
NASA programs. Direct use of this research and field testing is
currently with the SSCC, the MCC, and the SSE.




TRANSITION PLANS

* THE CASE RESEARCH AND DEVELOPMENT IS GENERAL IN ITS SCOPE
AND SHOULD BENEFIT MOST NASA PROGRAMS

* SPECIFIC FIELD TESTING IS OCCURRING CURRENTLY IN OPAS (AN
SSCC PROJECT) AND FADS (AN MCC PROJECT). BOTH PROJECTS HAVE
THE FOLLOWING CHARACTERISTICS THAT ASDW FITS:

* SOFTWARE DESIGN AND CODE REUSE

* INTEGRATION PLATFORMS

* MANAGEMENT OF HUGE AMOUNTS OF INFORMATION

* OPERATIONS HAMPERED BY TOO MANY CONSTRAINTS TO BE

EASILY REMEMBERED BY HUMAN USERS

* SHORTAGE OF EXPERIENCED PERSONNEL

* USE AN APPLICATION GENERATOR CONCEPT

* FIELD TEST TEAMS INCLUDE ASDW AND PROJECT PERSONNEL

* SSE NEGOTIATIONS ARE IN PROGRESS

* "FRAMEWORK", INTEGRATION PLATFORM, AND KNOWLEDGE
ACQUISITION TOOLS (INCLUDING ENFORCED SYSTEM AND SOFTWARE

MODELING METHODOLOGIES) SUPPORT BOTH THE SSE AND
OPERATIONAL ENVIRONMENTS SUCH AS THE SSCC



CONCLUSIONS

The ASDW project successfully met all of its FY89 objectives and has
reached a point where it can be put into useful service. Field testing
is underway on two projects that could improve productivity in both
the SSCC and the MCC. Productivity is achieved by supporting the
reuse of knowledge and software artifacts.

In FY90, user feedback and an increase in the scope of the life cycle
supported will be the key drivers. The knowledge base will support
both experts and novices. The system will improve the productivity
of experts by helping them not to violate constraints that are too
numerous for even an expert to constantly stay aware of. Novices
will be supported by available knowledge that will support training.
Both groups will improve productivity by the guidance in knowledge
acquistion processes and the proper selection of tools and
methodologies that are provided. Application development will not
require as much programmer experience and the operation of
applications will be assisted by expertise supplied by the stored
knowledge. And finally, the knowledge base will have a uniform
representation that permits integration of knowledge across tools,
methodologies, and life cycle activities.



CONCLUSIONS

ASDW IS CURRENTLY A SOFTWARE PARTS COMPOSITION SHELL
THAT IS BEING FIELD TESTED FOR PROJECTS IN THE SSCC AND THE
MCC. IT SUPPORTS REUSE OF REQUIREMENTS SPECIFICATIONS,
DESIGN, SOFTWARE COMPONENTS, AND DATA INPUTS.

FY90 AND BEYOND WILL:

* BE DRIVEN STRONGLY BY USER FEEDBACK FOR ENHANCEMENTS

* IMPROVE THE USER INTERFACE

* IMPROVE THE PRODUCTIVITY OF DEVELOPING APPLICATION
SOFTWARE BY ALLOWING "END USERS" (EG, NOT PROGRAMMERS) TO
DEVELOP APPLICATIONS

* BROADEN THE SCOPE TO COVER MORE OF THE ACQUISITION AND
REUSE OF INFORMATION IN EARLY PHASES OF AN INFORMATION
SYSTEMS'S LIFE-CYCLE

* DETERMINE THE CORRECT USAGE OF METHODS, TOOLS, PROCESSES,
AND KNOWLEDGE AS A FUNCTION OF THE INFORMATION SYSTEM'S
CHARACTERISTICS

* PROVIDE KNOWLEDGE OF HOW TO INTEGRATE THE KNOWLEDGE
BASES AND METHODOLOGIES REQUIRED FOR INTEGRATED
INFORMATION SYSTEMS )

* PROVIDE AN AUTOMATED USER GUIDE TECHNOLOGY THAT SHOULD
SIGNIFICANTLY REDUCE THE TIME REQUIRED TO GENERATE LARGE
APPLICATION INPUT FILES FOR OPAS

* IMPROVE TRAINING AND MINIMIZE THE TIME REQUIRED TO GET
NEW PEOPLE PRODUCTIVE EG, HOW TO RUN LARGE APPLICATIONS
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SESSION IX
ADVANCED AUTOMATION ENVIRONMENTS

Session Chair:
Dr. Henry Lum
NASA Ames Research Center



NOISIAIQ 3HVMIH0S 14vHO30VdS

voday [enuuy 68A4

8G0.. X1 ‘uoisnoH
GHd4/youeig AbBojouyoa] asemyos

19)ua) aosedg UOSUYOr/VYSYN
labeuey 108loid

HaqIng sHUYo

437

ePY/SdITO pue epy/1LHV

. tom-.. J1VvHOL103HIA LHOddNS NOISSIN <m’\2

. 4




NOISIAIQ 3HVYM140S 14VHOIIVdS

‘BupleWIYOUS] PUB UOIEN[BAS 10} suonedidde wopaaly uolels adeds O} |00} paseq BpY 8plAOld -

*JaU00s yonw
asn 1o} Apeas Inq ‘1 Hy uey Aijeuonouny ssa julod Builels puodss B se Sdi10 Paseq YSYN 3snN -

'joo} Aupeuonouny (in} o) puedx3 “juiod Bunsels auo se Wi-1HY 1onpoid [eloIswwod asn -
5100} Juawdojarap walsAs uadxa paseq epy jo sadAlojoid [eluawaIou; een(eas pue dojgasag
*§]00) WalsAs Uadxa We-ay}-Jo-alels Jo epy ul uonejusws|dwi ay) Ojul Yoiseasal Jonpuo) .

§[eoH

*JaPISU0I 0} S1onpoud a|qejieAe Ma4 -
‘$|00} Wa)SAs uadxe paseq epy jo asn Aq paoueyud aq pjnod uonewoine Aidde o} Aiiqy  «
‘suoneoydde pappaquie ‘palesbajul Aideap pasu |iiM d4SS -
"Wopaal4 uoielg aoeds 10} ajnjasn AIaA JoU SJUBWIUOIAUS Judwdo|aAap eulbuQ
‘swiajqoid pue surewop yYSYN 01 Ayjigesijdde pajensuowap aAey swalsAs yadxg .

punoiboeg

uoyonposy| g
ow—J 31VHO.1034Id .FEOn_n_:W NOISSIN <m/\2 %




NOISIAIQ 3HVYM140S 14vHO30VdS

‘(s)adAjojoid jo sisAjeue aouewsopad Jonpuos) .

‘saljjiqeded pspusixa
yum sadAjoj0.d jeuonouny aonpoid ‘sanijiqedes mau 10} sainpadoid pue swyiiobje epy uf Juswajdw| -

"sanjiqedes mau Juswsjdwi 0y pasinbal swylobe sulas pue dojeasq -

sannn yoddns uoneuejdxa -
wajsAs aoueuajuiew yini} paseq-uonedyisnie -
abenbue| uonejuasaidas abpemouy ewayos e -

:salijiqeded Huimo||0j MOjfe 0} SUOISUaIXe 10}
subisep pue sue|d dojaaaq ‘(suibua asuaisjul swil-uni |auldy) adAjojoid | aseyd 8zAjeue pue malney -«

:68A4 10} pauure|d syse)} 8}aosIp JnO4

BpPY/1HV - yoeolddy pue saAnaalqo 68A4 asw

J1VHOLO3HIAQ LHOJdNS NOISSIN
—— OS( VSUN ——;




NOISIAIQ 3HVMLH0S 14vHO30VdS

‘aJEM}JOS 9SES|91 1511} O} UOWILLOD Sayelsiw pue sBnq ajeuiwyd o} epy/SdiTD i1sel Alybnoioy |

£ UOISIOA SI 8SB8|8l SdiTD uaun)

‘ases|al |'v Sdi7D uodn paseq uoision eydly -
*9Se9|aJ 9 ULIND YIM JUBISISUDD 3¥eW O} BPY/SdI1D O Altfeuonoun; mau ppy

'SdITD J0 uoIsiaA O yim Ajigeredwod onoeyuAs |nj urejurey
-Aiuejnpow apo2d aAoidwi 0} yoreosdde pajuaiio 109[qo uodn paseq ubisepay
“BPY JO 8SN 9A1}03}J0 9)eW jou pig ‘uolle|suel) 8pod uodn paseq uoisioA eydjy

*821S 8onpai pue souewopad aaosdw o) ubisapai sofew a18|dwo)

:68A4 10} sysel Arewud saiy|

BpY/Sdi1) - yoeoiddy pue saAndafqo 68A4

om—a 3LvHOLO34IA LHOddNS NOISSIN g




NOISIAIQ 3HVYM140S 14vHO30VdS

‘Bunisel 06 A 10} pa1oa[es SalS YSYN Pue 82104 Ny ajduinpy -
"dn pauy| says elaq pue pajajdwod sadAjojoid Bpy/IHY JO UORENIEAD PapUB)Xd JO) SuB|d

‘0661 Areniga ul pasaAlap aq 0} an( WaisAs ewayos apnjou |jm adAiojoid puodag -

"(awesown) JoqWBAON) 06A4 Alres Aq payajdwod
8q 0} ang ‘sjuiodmala pue ewayos 1deoxa sanljiqedes Wi-1HY i1sow apnpoul jim adAiojoud 18a14 -

‘sadA10j01d aiow om) apiroid omy unbaq sem Buipon
‘(2 %seL) ‘psaisal pue payiuapi a19m sainjes; mau Bunuswsaidw) o) sayseoiddy
‘(1 yseL) palejdwod a19m sainjesy mau juawajdwy 0} suejd pue suoisusixgy

"(saniAnoe | aseyd jo uone|dwod) 6861 Areniqa
ul pajesjsuowsp pue palejduwod sem suibua soualajul WI- 1HY 8U} J0j [9u18y awn-uni jo epy ui Buiposey

epY/LHYV - sjuswysijdwoddy 68Ad asw

ALVHOLO3HIA LHOJdINS NOISSIN
ke S VSUN -




NOISIAIQ 3HVML40S 14vHOIOVdS

"BpY/SdIT0 10} SluBLWBOUBYUS douBWIIONad PUB SUOISUS)Xa Jayuny Jo} pa1a|dwod sueld

"Juasauld je Bunsa) Buiobispun uoision 9d -
"Pa}08.110d pUB pPalodlep SIOUd sSnoseWNN -
‘wes) 159} SdinD luspuadapui Aq pautiopad Builsa) sAIsuUaIX] .

"UOISIBA ) UBY) JAMO[S Sawl € O} g Ajuo suns mou ‘paroisdwi Apueoyiubis aouewopad -
€% SdITD Jo uoisian D yum Ajiqeredwod xejuis %001 AjesN -
"SUOIJBISHIOM 1O} pa1a|dLuod BPY/SdITD JO UOISIBA 9SBS|8) I1SIl4 «

epv/Sdi1d - siuawysijdwoddy 68Ad asw

om—a 31vHOL103HIA LHOddNS NOISSIN /\ms_:
[



NOISIAIQ 3HVM140S 14vHDO3oVdS

'Sdid
JO UOISIBA D pue BpY/Sdi1D ut Aljigqeded uonduosap 109lqo uoddns 0} sjuswadueyus aulwexy

€7 BPY/SdITD 10 UOISIOA asealal ay) ul paynuapl ase Aay) se sbnq xi4

"UOISIBA ) JO aseajal Jxau Joj Juawdojaasp Japun Ajjusund SUOISUBIXS PPV

"walsAs Bujyorew ulaned ay} jo sjusws|e mc_:m_mm_uu_ Aq aouew.oped eaoidw soyun4
(ybnouas ajqeded ase s1a)IdWOI Ji) BPY/SCITD JO UOISIBA Dd 818jdwo) -«

Sueld epv/Sdiid

"suoljeol|dde painquisip ‘ewi-[ea ul 8sn 10} epy/1 HY aaoidwi 0} JuswdojeAsp panuiuoy) .

"066 AInf £q QS 01 8NP SBYS |[€ WOJ) SUOHEN[BAS [eul{ -
‘066 } Areniqad ui sayis 1sa) 0} Juas aq 0} adAiojoid puoosg -
"06A4 Apes Ul 8sn 10} ajqejieAe aq pinoys adfojoud i1sn4 -
"06Ad J0 isow 10} sadAj0joid epy/LHY UI0g JO UOHEN[BAS PBPUSIXT
Sue|d epv/IHV

Sueld 06Ad asw

ALVHOLIOIHIA LHOJANS NOISSIN
OSr VSUN

. L]




NOISIAIQ JHVMLH0S 14vHO3IOVdS

‘SwalsAs painquisip Jo/pue awn-fes)
se yons suoneaidde Aay ui asn Bujuiexa pue aoueuuopad Buinoidwi yum [eap senssi Buiureway .

-ooejd ui }nd sjuswald
pue payluapl usaq sey d4SS oyl ul swaisAs uadxa Jo asn ay) Joj yied apesbdn jusisisuod ‘Jes) .

‘sabexoed yom ajdiynw ur Juswdojaaap adfojoid 4SS ui pasn aq o) adAjoloid epy/iHY -
"asn [e1auab 10} pliom 4SS 8y} 0} palaAliep BPY/SdITD -
"3SS 8y} ojul pajdadde SdiND -

‘weibosd wopasai4 uonels aoceds ay) 0} ABojouydsa) siyl Buipiroid spremo) pre| JJIoMpunois) .

"epy Ul $]00) Wwa)sAs uadxa Bunuawsjduwi
jo Ajiqisea} ayy Bunensuowsap Jo [eob Jno spiemo) apew uaaq sey ssaiboid a|qeiapisuo)

SUOISN|oU0) GSW

Om—a JLVHOLO3HIA LHOddNS NOISSIN /\m/\—‘




~ NOSNHOOS IlBNYSYN
| £029-826 :S1d

Jajue) yoseasay Asibue
UOISIAI(] SWaISAS uoljewsou|
youelg SPoylapy uonepijeA walsAs
uosuyor ‘9 Ajles

NOILLYAITVA ANV NOILVYOIdIH3A SWILSAS A3SVE-3DA3TMONMA

445



LNIWIDVNVIN 30HNOS3H ANV ONINNVd ©
SW3LSAS DONINIVHL ©

DNIHOLINOW ANV TOHINOD O
SNOLLYDI1ddV S8 HIHLO HIA0D Ol S3NIT3AIND AN3LX3

S3HNLOILIHOHY aHvVOaNdvlg O
SWILSAS a3Sva-INVYHd O
SW3L1SAS d3Sva-13A0ON ©
SNOILVLN3S3Hd3Y 3903 TMONX HIHLO HO4 SINDINHOAL 3LVNIVAT

a3aNNd LON - 1l 3SYHd

S.SE) AHIAO0D3H ANV ‘NOLLYIOSI ‘NOILI313a L1NV4 ONIdOTIA3A HO4 SANITAAIND

SWILSAS A3sSvE-31nH 40 SISATYNY ANV DNIHIINIONT JHVMLI0S HOd SINDINHOIL

0661 Fm:0:< A8 Q3137dNOD 38 Ol - | 3SVHd




INIWNOHIANT LHOddNS JHVYMLI0S OL SNOILYIIJIQOW 40 NOILYANIWWOI3Y
SLINIW3HINO3H ABA SGX 40 NOILYANIWWOD3Y
SW31SAS A3SvE-3TNH HO4 SINDINHOAL NOILLVYZIHVINAOW ©
S31D31VHLS NOILVLINIS3IHd3H 3DAITMONM ANV NOILYII41D3dS ©
S3NDINHI31 HAVHYD MOT4-3ON3AIA3 ©
S3NDINHO3L 40 LNINSS3ISSY
301L0VHd-40-3LVYLS 40 LNIWNSSISSY

HOVOHddY

SNOILLVIINddV HIGd HO4 SWILSAS a3sva-31nd HOd4 SINIT3IAIND - | ISYHJ




A¥IA0OTY
1nvd

S10Vvd St ANV S3TNH ¥01 -

L'v SdITO NI G3LNINITdNI -
37aVIIVAY AT01180d -

NOILVYDI1ddVY 30VdS X3TdINOD -
SI31SAS HIAd 40 3AILVLINIS3Hd3Y -

= (NWI) LINN DNIY3ANINVYIN G3INNVI 3H1 HO4
(d1a4) AH3A0D3H ANV NOILVIOSI NOILD313a 11nvd

NOILVOITddV 31dWVX3 | 3SVHd




S3NDINHO3L ONILS3L ANV SISATVYNY - idM ©
SIWIHOS NOILVZIHVINAOW - NVADIA/ISNOHNI ©
SW3LSAS HIQ4 HOd SGOHLIW LNIWJO13A3A - IHS ©

HOHV3S3H 4O SND04
'ALITIgVdVD HIad g3linii o
ALIHVINAOW HO AHOUVH3IH ON ‘3Svg 37nY LV1d4 ©
318V1 NOISIO3a YV WOHd S3SVYD 3181SSOd 40 NOILVHIWNNS 0

AN3H3IYdWOD OL LINDJI441a S 3TdIWVXI HIGd NWW 40 3SVE IDATTMONN

S1TNS3H AHVNINIT3Hd




TVNOILVNHILNI 1HS

SW3LSAS HiA4d HOd SAQOHL1INW LNIWdOT3A3A




IN3WNdOTIAIA INOHJ-HOHHI SS31 0
JTGVNIVLNIVIN ATISY3 JHOW ©

Hidd SAISNIHIHdINOD JHON o
J79VANVLSHIANN JHOW O

T3TON ONIAQOJINSI HOd
SNOILVLINISIHdIH 3903 TMONI

NOILYHIJO WILSAS 40 13Q0W

g...wuk%ml_ N

AT 08T ¥

SW3L1SAS HIGd 40 LNIWdO13A3Q



"ONI NVADIA/IASNOHNI

SW3LSAS LH3dX3 a3Sva-31nd
HOd4 SONIdNOYO 31NH




S.S8) 40 S3dAL SNOIHVA HO4 SIIDILVHLS DONIdNOHD ITNH ANIWWOOI3H @

ONI DNIHILSNTO 3TNH ONILNISIHdIH HOd SAOHLIN Gz_._.<0_._.wm>z_ o
LVINHO4 371NYH S.800Vr Ol S31NY SdiTO WOH4 HOLVISNYHL an_O._m>mo o
80JVI WOHd IHVYMLI0S DNIdNOYD 31NH A3NIV18O o

"013 ‘HIAIWNIANIT ‘HIHOSOHI ANV 80OV “113ANIT -
= $3193LVHLS DNIdNOHYD SNOIHVA A3LVDILSIANI ©

¢MOH
ALITIGVNIVLNIVIN ANV ALITISVIT3Y @

SNIVRNOA8NS W31804d TVIILIHO ANNOYHY .STTVM3HI4d. 3AIAOHd ©
T13A37 JILNVINIS H3IHOIH WOHd W3LSAS M3IA - NOISNIH3IHdWOD NI gIv ©

CAHM

S3ASVE 31NY SdIT0 40 ONINOILILHVYd @3.L03HI-H3sN
HOd S3ID3LVHLS ANV ST00L 40 LNIWdOI3A3A ~ TVOD



({{°338 °°* F1NM)

{.TPuOTI020dO
A1In3 saepel TTw susaw Apeel, SNITIS-I¥PElI IDNQAONJ)
Apwai-aepez anoud)

((*239 *** 210d)

(((Apeal = csnIWIC-0UTDHUD) NIHL)

((on33 = peIvdiIqQni-suibua)
(00T =< TdadT-TORZ-duTbuUR) JI)
110-pus-sebd 31NN} .

(pe3edtaqnr-sugbue 2$0)
(aTEUOTIRIRdO ATTN3 sutbus suwsw Apesl, sniwis-dujbdus 3DNA0NI)

Apeez-suibus 4nOU9)

(((Apee3 = en3eIs-dTye) NIHL)
((Apee3 « sniwis-awpes)
(Apee3 = snievais-sujbus) JI)
Jepea-pus-auibud 310d)

(pe3edtaqnr-sutbus 3sn)
(o88T7H TEI7INBU 00T 03 dn
UOTSSTE Aue UC pPaTTesS 3q ued dyys suvew Lpeaz, snivic-diys FONAOMJ) .
Apes1-diys 4nous) (((dpees = sniwic-sujbus) NFHL)
((3n23 = peedjaqQRT-sutbus)
(00T =< T(®ad(-TOnj-eujbus) aI)
I70-pun-seb IINN)

S371NH d3d4dNOHDO | o !

(((Apeo3 = sn3jw3c-dIus) nIUL)
({(Aperez o smiwic-2wpex)
(Apeez o sn3els-sujbus) JI)
Jepei-pus-outbuse FINM)

((*338 *°* F0¥)

S3nd

S3svE 37NH JO NOILVZIHVINAON




ALNLILSNI JINHOILATOd HILSIOHOM

S3NDINHO31 ONILS3L ANV SISATVYNV
HdVHD MOTd 3ON3AIAT




NOLLYNTIVAS
1531
I 1
W3LSAS WUSAS |,
INIL-NNH 1s3L
INSWNOHIANS S103r80 INSWNOHIANI
NOLLNO3X3 NHOMIWVH4 1S3 zo:..p,mmmwzmo
INLL-NNY VY NOLLVAILOY V4V
Y a ﬁ
SHAVHD 50T IMON
MO V13N
3ON3QIA3 1831

11

SNOLLVIN3S3ud3d|
H3HLO : s3nd S13N IvSNVO

300 VAV OINI S31INA 40 NOISYIANOD |




SISATYNY 13N Ril3d -

vav 40 NOISY3A 1S3L 4NISN INOQ NOLVINIS 1531
HdVI9 MOTH OL —

NOLVISNVL ONRING INOA SI JNOS - SISAIVNY HdWIO -
SAOHI3N -

S4OOT 3UNIINI HOO13AIN “WOOTvIA ¥O4 TVUNILOC -

SUILIINVAUV NI STONVHO TIVINS

INTVA LNdNI NI SFONVHO TIVIAS
d3AN0 NOUNDIX3

AIQUO 1NdNI Vivd
O1 JALLISN3IS SINdLNO -

SINALNO T18VISNN ANV IN3ISISNOONI -
1Nd1INO Tvlv4 $30NA0Yd -

SNOLVYDHID3dS 133N LON §304 -
SHOWII UOS ONMOOT -

NOILLYOHIIIA ANV NOIVAITVA



NOLVNTVAZ ANV NOLVINIO 1531 304 a3sn -

SINIVIISNOD INIVA
SINIVILISNOD ONRIFAIO
S3SVO N3ddVvH 10N ISNN
S3SVO 1531 N3ddvH LSNIN
S3NTVA 1NdNI A13AN
SINdNI 319ISSOd

S3NIF3A XVINAS

JOVNONVT NOUVIIFIOIdS IONVINIORITd
TVIWIOL V dOT13A3A O1 HOYVISIY ONRIFINOId

INIWJO1IAIA FOVNONVI 1S3l




030

UMOP S3[}39)S WIISAS [QuUN }3S B UNny

(*933 uopnqrgsip) sinduy usamiaq awp owﬁo..\.é
sndug jo Suuay,

Joqumu nduy Jasn

9JU2pQHUOD B UO paseq Jaqumu
UTLI 0} SS9} JO Jaquuny

030

uonnqsip ayy jo red 1943 3y

28uUel [euLIou Uy anfea afeloAe

afuel [euLIou JOo puUs Yy

wopues Ay
0eds 189} UTIIM S7S3] JO sadAL
paje1auss aq 03 aIe 3593 Moy sagroadg

vwvowsonxﬁug uoneIngyuo)) 1S9

. . 4 4



SW3LSAS A3SVE-3DA3TMONN 40 S3dAL H3H10 O
SNOILVLIN3S3HdIH IODAITMONN H3IHLO O
a3a33N SI SANIT3AIND 3S3HL 40 NOISN3LXT

SNOILVOITddV SISONDVYIA ANV DONIHOLINOW Ol J14103dS 0
SW3L1SAS @3svg-31NY 40 SISATYNV ANV DNIH3IINIONT JHVMLIO0S O
0661 LSNONY A3LITdNOD 38 TTIM SINITIAIND 40 L3S AHVNINIT3Hd

-

0661 DNIHAS 3137dINOD 38 TTIM SINDINHI3L F3HHL 40 SNOILYNTVAS

SNOISNTONOD




6861 ‘g Ateniqad

191uan ybij4 9deds jjeysien
Alojeioqe] swdlSAS 21U0u}29[F B uoleWwIoU|
uewjjoq wo |

108loid

(OMa/ass)
ainyden abpajmouy ubisaqg
juswuoliAug poddng asemyos

9yl

INA/ASS

VSV

461




Arewwng o
sjuediojued o

sue|d O
suojjepuawiwoday o
suojienjeAy aiemyos o
uonduasag 3sS 0
o)A 10} uoneAlloly o
uondidsaq SISIHOLSHMIALSH ©
yoeoiddy o

aAlloelqo o

punoibyoeg o

M3IAISAO

oNA/3ASS




SSO 19410 -
1SvYO -
juawdojanap ABojouyaal HHuQA 49410 Jo JJo sabelana) ysel syl o

.obpajmouy ubisap walsAs ainjded 0} wisjueydaw e se JSS ay) Ajenjeas o} [eand,, -
juswuoliaua JuswdojeAsp epy -
:3SS Wwaun) o

suonesidde 16|} @ punoib snosawnu Gujuoddns aq jim sionpoad 9)ag o

ssa90.d ubisap ayl uo pazynn asiuadxa burieauiBue B ubisep ayl
(w0} s1u0109je ul) Buueyal @ 6unose09 18 pawie Alanoe Bupesuibua peoiq e st DHG ©

- oanide abpajmou)} ubisaq 10} uswnsoq
sjuawalnbay $s9204d,, ul yoseoisddepuawaiinbai (9Xq) ainides abpajmouy ubisag o

aJemjos jeuojiesado [je jo Juswabeuew a_oﬂ.&__ ayy syoddns -
juswuolAue AYjioBj-linw B §) -
(3sS) wawuotiaugz noddng asemyos ayjy o

punoibyoeg
INA/ASS

V




uopie}s eaeds jo 8313J0 e pue AGojouyda) ededs pus sdjIneUOIdY
10 8210 oY) Aq papuny Bujaq xiom juewdojeasp AGojouydal OXA 49410 Jo O sobeianaj )sel S|uL o

‘uojienjeAd S|yl U} pie s jsel
INA/ASS siuL (‘..eBpamour ubisap waisAs ainyded o} wsjueyIdW B $8 JSS 8Y} aBNn|eAs 0] [edD,,
$1 )1 - Luoday [eujd ApniS uojEWIOINY P3JUBAPY UolBIS ededs,, “J9) swalsAs paseq-abpaimouy
Gupiepow 0298 10} uoisiaod SNl YHM ‘JudwuoljAua JuswdojaAsp BpY uB §| 3SS aYl ‘Apuauin)y o

*3SS U] eq 8duay ‘A/S |euojieiado se pazuobiaied eq pinoys sjuswale
©IBM}JOS 0SaYl "WOopadl4 uojels ededs uj suopesjidde by B punoib snosewnu Bujioddns
swo)sAs paseq-ebpejmou) pue saseq ebpajmouy Jo 13s 8 uj }nsal |iim A)Alde DHA Ileloa0 eyl O

ss320.d ubisep ey} uo pazjinn esjsadxe bupesuibue
% uBjsap eyi (uuo} djuosdele uy) Bujujeras 3 6upos)j09 18 pawge Ajande bupssuibue peosq 8 s§ OMQ O

- .e1mydan eBpaimou)y ubjsaq 10} Juawinaog sjuswalinbay
§58201d,, U] yorosdde ue pajualinIop sBY PUB ‘WOPdAL4 UolielS ededs eyl Jo Juawdojaaap
ey} o} 181631u) Loye (DXa) eanided ebpapmou)] ubisag e 10} Juawalnbai e paysiiqeiss sey disSs oYL o

"aJemyos punoib @ by woq
Bujpnjou] ‘asemyjos jeuopeiedo (44SS) weiboid wopaai4 uonels ededs (e jo Juswabeuew 8j£d-a))|
eyt uoddns |im yojym JuswuoiAul AJjjjoe)-Rinw oy} s| (3SS) luswuoliaul uoddng esemyos eyl o

punoubyoeg




‘9)@a Woddns o) papaau SUOREOPOW SIBMIJOS PUB dIeMpIeY pue
2)Qa 10} sapjiqedes pasnnbai jo uopeINUSP] BY) SPNIOUL [IM JUSWSSISSE SIY L
*S)Se] D[ 40} 9JEMIJOS PAlRII0SSE PUR SUOHIBISHIOM

(3SS) Juswuosiauzg noddng asemyos (s,d4SS) s.wesboid wopoal
uopeis adedg ay} Huisn 10} jentuajod ay) ssasse 0} S| )se) Siyl Jo 8AN23[qo ay L

aAnasiqo



1soy 3SS ay) uo saibojopoyiaw
pue sjoo) juswabeuew ajenjead o) Joajosd paseq abpajmouy 6ujobuo azynn -

uonejsyiom 35S 9y}
uo sjoo} Juawdojoaap a1emyos alenjead o} sjonpoid paseq abpajmou (Aoj-uou) azyan -
walsAS 3SS 9yl 0} siuawadoueyuad oK1oads Ajuap -
sasAjeue [eanud dojaasp pue suoileAlasqo [eduidwa ayew -
safianoe 9@ Woddns 0} walsAs 3SS ayl Jo Aljiqeded ayl alenjeas -
:8n20} (68Ad) Jeak jeny

‘A1IARoR H)g & Uoddns 0} suojieis}iom 35S alezynn Apoeaq -
pue swalsAs
paseq abpajmouy dojaaap o} sjool 3SyD 3sS buifjdde jo wajqosd ayy yoseasay -

‘juswiuosiAud (ISyH) buusauibugz
alemyjos papiy-1aindwo) e uj burisauibus abpajmouy Jo wajqoid ay) yoseasay -

:SMOJ|0} Se a1e aAd3lqo siy) Buiaaiyoe o) sayoseosddy

yoeoaddy

INA/3ASS




-191ndw o3 Jsoy ISS oYl Uo palayo sajfojopoylaw pue sj00} Juswebeusw
oy} Bupenjeas 10} s8I 159} B sopjaoid 199{01d WIALSH oyl uj pajpoqua yoeoidde Juswebeuew eyl

*UONIBISHIOM JSS 8yl uo $100) Juawdojorsp
eisem)jos Bupienjeas 10} sosed 180} opiaoid WIALSH ui padojaaep sionposd paseq ebpajmou)
‘Juawdojeaap

woalsAs paseq ebpajmouy yim Ayiiqnedwod sy eaosdw) o) wiaisAs 3SS 6yl 0} Sjuatuadueyud

aioads Ajnuep) 0) A1essaddou sasAjeue [BI|14O pue SUOjIBAIaSqO [BI|I|dWe 818 uojien|BAd

oyl jo s1onpoud eyl “sojliAnoe HXQ 10} padojanap swalsAs paseq abpajmouy §0 Jusawabeuew
pue Juawdojaasp uoddns o) walsAS ISS eul jo Alijiqeded ey} alenjeAd 0} Sem Sn30j (68A4) JeaA jepju]

‘K11Ap9e DA 8 Boddns 0) suopeISI0M 3SE e1eznn Adalg -

pue ‘sweisAs peseq ebpajmouy dojoasp 0} §100} ISy 3SS buifidde jo weiqosd eyl Ydseasey -
SluswiuojAud
(asvI) u:_:.m:_mcu 918M}J0S papiv-iaindwo) 8 u| Bupeau|bue ebpaimou jo Ea_aca oy} ydlvasey -

ISMO}|0} SB a8 8A[199[(qo SIY} n:_>o_=ou 0} seyoevoiddy

yoeoisddy



6uidfioro1d pidey

aseq ajny

uojiejuasaidal ebpajmou)y

Bujwweiboid pajuanio 193(qO

:918 alepowodde 0} 3|qe aq pinoys 3SS 9yl eyl SISTHOLSH 0 mﬂ:ﬁ& Aa) o

-1 SH oyt jo @seyd uoneoyuan [enqio ayy buunp sisAjeue (epowajes)
Ajewoue ajojyaa o) abpajmour; ubisap uadxs jo uopedjidde ay) ajessuowap |jim SISTHOLSH ©

spoylaw 1sa} 0} (SISTHOLSH)
waisAg uonebiisaau] apowajes adoasajay soeds a|qqnH ayL asn “aeibaiut usay)
‘sauyjdjosip [ed1uyda) Jualapp bunuasaidas suadxa ujewop ajdnnw wolj abpajmouy alinboy o

.poqisal,, se 1SH asn "swaisAs Jay} jo Juawdojanap ay) Bununp ajejnwndde jeyl
asiiadxe Bupasuibua @ ubisap ayl ainides o} s1oafoid YSYN Jofews ajqeud o} si |eob Atzewnud o

88A4 90UlS JUBWale |1SD B - 1SYO Aq palosuods -
:198(01d (NI ALSH) aseqabpamouy Buusaujbug ubiseq adoasajal soeds ajqqny o

uonduosag SISTHOLSHMIALSH

INA/ASS




(1epows jeiids wyaog e Bujsn) BuydAjoj0.d pidey -

Aonuo_;os_ JIsuNay ‘ased S|y} ug ‘Gujjuesesdas 10§) eseq ejny -

(seweyy) uopeluesaidas ebpajmou) -

(syun 33)) Sujwwesbosd pajuspo 193[qO -

;018 8}epowodde 0} 8|qe oq PInoys ISS oyl eyl SISTHOLSH JO sainjed) o) o

*1SH ey} jo eseyd uopiedyiioa [8lqLo eyl buunp
sis/A|eus (epowe}Bs) Ajsuous 0} abpamouy ubisap uedxa jo uopesjdds ay) ajessSuCWeP JIIM SISFHOLSH ©

(SISTHOLSH) waisAg uopebiisaaul epowajes edooassja) ededs

e|qqQnH eyl - uopessuowap 8 jo juawdojaaap oys BjA pajebiseau) bujaq eie sejfojopoulaw sjqenns

-‘oseq ebpoimouy aj8uys 8 ojuj ) Bupesbajul pue ‘saujdiosip [eajuya} yuaseyip Buuesaldas suadxe
ujswop ejdpinw wos ebpejmouy Bupsinboe 103 ABojopoyiaws B dojaaap o) sf jeoB sjyl Jo Juswald eup ©

-pajep|jea pue padojaaap aq ueds ABojouysal Mau S|y} YIIYM UM JUSWIUOIIAUD
e|qelns 8 se pasn Bujeq 8] LSH UL ‘swalsis 19y} jo Juswdojaaap ayi Bupinp esinWwnade ey esiuadxs
Bupesu|Bue @ uBjsep ayl esnjded o} sjoefosd YSYN Jo{ew ojqeusd o) §| HIALSH 30 |eob Atewnd ayy 0

: 88Ad paleniul
.o>=c=_:_>ao_o::uo._.oo.am:a___zoo::%::Go_o::o&.ooawucuno::a:oho<3880>nuo._omconm.

:09fosd (M3 ALSH) eseqebpejmou)l Bupresulbu3 ubijsag edooseteL ededs elqqny o

uondiiosag SISIHOLSHNMIALSH




€L89

‘ommpecoad £3saciei g9 QORI YINOIN XOM
«wqnIrp oq Lj1isa-01 @ Lomsw dwng

s
<

‘JeEOQ & faiTasl

topepy dnng

fopel ssuvy

3 TRGN 1090 Uns T} peeds jeevs

0661 VN 92 U0 SINOY €€ ‘»S €l

BEOrU-031516-61631- 370W3 m5-16-€ 1€

ouvw0jied 1THESITUTE WTOGIWON

1303 XIOGD IR WET] pesds VY

(((QaNld 1SdL-IINTT-QZ34S-vAX THL) LX),
8661 AVN 9T ue SINOY [C:ps5:CTNIBIE L20n) “5(]
‘sotsses L3enb v Jupmp petonitoda eq WG PMOYS JALNQ MEP Y
0661 WY 92 e sIney 1CHS:CIONINUVAL ‘(]

‘JUTPTSIASTY U 20130 UT MON 4

v jepom 31409 9@ IWZNVATUISS INONILA L3end [euoRIPPY U Jun!
0663 AVYW 9T ®¢ saney ICP5:CIONINAVMA-RNA (]

(((QaMLd 1Sd1-1INTT-GI34s- VAN THL) 1x3L)

‘seuqoad stequIep N0
sreal ot pesalsucasta]

2ADSTYW NIYSA 03IV #0)

IO

adeg
SOI[NSN MmN PPV

alugd 101 juejy 120]08

Lisnd)
Answisja] yaey)

PaaO0IL =




(shuswuosiaua yuawdojanap aseq abpajmou) qIXa[} spasau d4SS ‘shyl

*(e1ep
Bunuasaidal sajy 1xa) “6°3) ajqejieae S| 1] Yaiym uj wioj ayl uj Aeys pinoys ebpajmouy swos -

pue ‘suonejuasaidal jnjesn }sabbns ued ssa9s0ad uonisinbae ayy -
‘ssa20.d uopisinbae ay) 199)je Aew uasoyd uopejuasaidal ay} -

:90UIS pajejal Inq ‘sanss|
ajeladag -uopejuasaidal pue uojlisinboe abpajmou) ale HHQg bujoes senssi ABojouyosay o

. suopesado
Bupnp Ajiqejial pue ‘Aiaonpoad ‘Aousiolje wiaysAs asealou) 0} swalsAs paseq
abpajmouy jo uonezjiin aAndayd ayl woddns o) palinbai aq jIm se asiuadxe Bunssuibua
pue ubjsep ay} Jo yonw Se uielas pue azjjewuo} o} " wJioj ajqelaidieiul-aujyoew

B uj abpajmouy ubisap Hujugeiurew pue ‘Buizijeue ‘Gurinided jo ssaaoid ayy,, 0

191e| ajqesanodal aq Jou Aew ‘paaes si abpajmouy jeppuesadxa yonw jou -

sjuawnoop (ojuoL109ja 10 Jaded) u) abpajmouy jenjoe} -
:Ajjuaiung abpajmou) ubisap waysAs o

(D9)a) aiamde) abpajmou)} ubisaq 10} uoneAllop

NA/ASS meeesee——————



-d4SS oY1 se yans syoefosd
ob18] 10} [BPUASS SewWo0daq KIIGIXI] SI0H0 YOIUM JUaWU0I|AUd Judwidojansp aseq ebpajmou) 8 ‘snylL

“(eyep Bupuasaidal sajy 1x3) “H°9) ajqejieas
S| 3l YOIYM Uj wo} ey uj Aejs pinoys asn o) s| wajshs e eBpajmou] 8y 0 ewos ey} ajqissod sj i -
pue ‘suopisiuasaidai jnjesn ysabbns ued ssadoid uopisinboe ey -
‘ssaa0.d uojsinboe ay) }oaye Aew uasoyd uopeiuasaidal ayl -
:99U|Ss pajejal Inq ‘sanss| ejeladag “ebpajmouy
jo uopBluesesdal ey} pue ebpajmouy ubisap Jo uopsinboe ay) 818 JHQ Bujde} sanss) ABojouyda] o
«~suonesado Buunp Aylqeyial
pus ‘Ayananposd ‘Aousioye waisAs asealoul o) swalsAs paseq ebpajmoun Jo UOREZIININ SARIDYD oy}
uoddns o} pasnbai aq ||im se esjuadxa Gupesuibua pue ubjsap eyl Jo Yonuw se ujejal pue azijBulio}
0l., S| 4SS oul 10} D)@ 4o 18ob ayl w0} eiqerasdiajui-suiyoew B uj abpajmouy ubisapbujuiejujews
pus ‘BujzAjeus ‘Bupnided jo ssadoid eyl,, S8 pauyap S| OMA ‘d4SS 8yl 0 1xajuod Ayl UIYIM O

J191e] ‘Uadxe ey} WoJj 8|qBIaA0331 8q Jou Aew ebpajmouy Bljuaiadxg o

"SUO|S|09p ubisep 8OO
Bupjew usym suadxa Aq pajidde ebpajmouy; jepiuasedxe ey exnided o) e} Apuanbaly sjuswindop
esay) -ejoh2-9)1 ey} jo saseyd Apea ay} Supnp sjuawnoop (9juo129) 40) saded uj pasmded

s| 18y} e6pajmouy [enjoey Ajuewsd s| walsAsqnsaualsAs e Jo ubjsap oy inoqe abpamouy Ajjuauin) o

(9)Q@) e4niden abpajmou)] ubisaq 10} uoneAnow




-191U8) adeds uosuyop e 1soy XvA Aloed Juswdojarsg 3SS -

(EE),
pue aiem)jos/ajempiey Jaiojdx3oso1w |1 yum pajuswbne) uojeisyiopm 3SS Il Usowjoew -

$NJ0j UuoneNnjeAd 3sS O

"UOJISISHIOM §,1asn 9y} woij sa|npows Bujuies) aui-uo o} ssadde Joaup -
‘060€ Al 8 XVA uo uawdojanap aisemyos uopesjdde i0} asemyjos Asejopudosd 3 S10D -
:$9pN[OU) ‘WISAS JSS Z JuawaIdu] jeuontesadQ st uonen|eAd siul J0j UOISIdA JSS 8YL O

"d4SS 9y} 10} a;emyos jeuopesado
Il jo ,Juawabeuew 8]9A2-9}| @y} 10} PaSN aq 0} JUBWUOIIAUS,, 8} 8piA0Ld A[9AND3)100 -

JJeualew Bujuiesy pue Aosijod
‘uopiejusWINIOP ‘suopedyjioads azempaiey ‘splepuels ‘sainpasold ‘aIemyjos,, Jo SIsisuod -

(walsAs 35S ayi jo wed) 3ss ayL o

SHIOM]aU “WWOD PUB ‘9IBMIJOS SWIISAS ‘SUOIIEISHIOM pUR SISOY SapNjou| walsAs 3SS oyl O

uonduosaqg 3SS

INA/3SS



-uojsua)xa A1owasll SJUSWINIISU] SBXSL

N 8 pus ‘p18oq 10ss2904d s010|dXx3010|W SJUBLINIISU| SEXD) B B19M uopeinbiuod siy} 0} suopiejuawbny
“WAPOW 00YZAN-DVINT X219AT [BUIA)X3 BUO ‘pJeoqhay papualxd o|ddy ‘esnow ‘Atowdw 18}{011U0D
00PIA g S92 ‘PiBd uojsuedxa 0ap|A SNGNN ‘Jojjuows 10j0D uopnjosal-ybiy [axid 08-Aq-0t9 UdUI-EL

euo ‘aAlp anexsIp Addoyoiojw Yyouy G G008 SUO “SaALIP XSIP pley Ja1SayIuIM aIN08 831y} ‘uojsualxa
Aowaw oiddy gING :910M UOJIBN|BAS S|} 10} POSN UONEBISHIOM ISS (I USOIUIOBI BY) JO SJUBWIID alempley eyl

-19)ua) eoudg uosuyor 18 I1soy XVA Aljoed Juswdojaasg
3SS Oyl puB (9Jemyos B e1empIBY [BUOHIPPE YiiM pajuawbne) uoyelsHIOM ISS Il USOuden
oY} JO POIS|SUOI UO|IBISHIOM TSS 94l PaleNn|BAd M YOjyMm Uj JUBWIUOIAUD wasAS 3SS oyl JO SUdWDI SIUL

“UOJISISHIOM §,J0SN oy} wouy A1oap sajnpows Bujujen peseq-1andwod ssadde o} Aljjiqe syl papiaoad

yojym 131ndwod 060E WAl Ue puB ‘walsAs XVA 934 © uo juswdojarap asemyos Juuad o) asemjos

Kiejepudosd 3 @18MYOS JjaYS-94}-}JO jB1218WWO0D SAPNPU| Z-j0 “WBISAS ISS (lentul) (2-10) 2 wuawasou)
jeuopiesadQ s} UOPBN[BAS S|y} 40} UOISIAA oyl "pouad Jeak-xis e Jano sabels ¢ uf padojaaap Bujeq s| 3SS eyl

d4SS 9y} 10} esemyjos jsuofiesado jje jo Jusawabeusw a1242-9)|| eyl
10} pasn aq 0} JusWUuoijAUd,, 8y} epiaoid AjoA198]1109 YIIyMm ,Jeuatew Bujures) pue Aojjod ‘uopiejuawndop
‘suopeoyjoeds esempiey ‘spiepusls ‘sainpadold ‘eiemyos,, Jo SiS|suod ‘weisAs ISS eyl jo Led ‘Iss eyl

.JI9SH waIsAS 3SS 8yl pus —asem}jos jeuofieldado d4SS eyl Jo Juawabeusw

ejoka-oy|] oY) suoddns A|in} 18yl ISS OYl PUB ‘SHIOMIBU SUOBIJUNLUWIOD ‘BIBMYOS SWOISAS ‘suojieISHIoMm
pue sisoy Bujpn|ou) ‘esempaey Jondwiod jJo Huppisuod JudawuolAuS AjjIdel-pinw B sy, WaISAS 3SS oyl

uonduosag 3SS




pajenjeAa jou ‘wapow eiA pauoddns jou -
sweiboid suonedsijdde/sosoew 3ody painquisiq o

aAIodYe Jas0jdx0401Ww 0} Lod JIN
UNOIIP a1ow shejdsip ajweudp ‘Aenb-ybiy Ing ‘piing oy Asea sheidsip anels
SWaSAs pajualI0-19a[qo pue paseq-ajni yioq 10} uoddns sajeibajul AjaAndaye

(suneseg 3sS
uj Jou) swiaisAs paseq-ab6pajmouy Guidojanap 104 jjloys paseq-ds|] [e1oJaWwwod

(33)) uawuodjaugz Buuassuibugy abpajmou)) o

asnaJ/uopejuasaidal adAy ejep joelisqe ajenjeAs -
$S9J10U3]1S|SUOIU| S|00 ] 1OMOd XJUOI] 10} 1Sd) -

{jepouws a3jAap | SH ue pue ‘sjnpowi juswabeuew elep SISTHOLSH
ayl ~oo3@~2_=oE Anawa)a) ayljjeres e usamiaq uonediunwiuod oyl Juasasdas -

\\\\\ 10} s)sa) dojaaag "uoneibajul s]00} pue SISTHOLSH JO SanIANoe
ainjded :m_aou Joj yoddns uo SN204 °UOJIBISHIOM JSS UO S|00} SV dlenjea o

jJuswuoilAud Justudojaasp asemios sapirold uoneIsHIoMm 3SS O

uonenjeA aJem}os UoNeISHIoOM




SojNJ $9)8POLWIWOIE (JUALIUOIIAUT |0UOD Weiboid palewoiny) 30dV Oyl Jou |00} ISV X|uod] eyl YN o

*9A[103}}0 oq O} ||BwS 00} S| UeAIIS
ysojujoel paepusls ey ybnoyye ‘|njssadans AseA eq o} sieadde Ja10{dx30101Ww 0} Uod I oYL UNIYIP
eJow A|geiepisuod s| edeualu) Josn djweukp ‘Ayenb-ybiy e bulpiing Inq {(6uidf10101d @ Bujbbnqap 10} [njasn)
sAejds|p onels piing o) Asea A1an }) ayew sadepajul |ensia bupjing 104 S100) 8yl ‘swialshs pajualio-123[qo
pue paseq-ajni yi1oq 10} uoddns sajeiBaju] A|9ARO8Y YIIYM WalSAs paseq-swel) B S| (aujieseg 3SS ujjou) 334 0

*(1001 moj40014
ey10 oju] paselud sjuawalnbas wesboid eyy aje1auab 0) pasn UaY) 819M SWIO|XB }DB]S 8yl - 198(q0 %IBIS
8 10} Swopxe suyap o) sadA} eiep 1081isqe Jo uopedyldads djeiqable eyl Jo) poylaw s,6enno uyor Bujzyin)
uopedyoads Jeyloue uj J} esnal uayl pue (399(qo ue se pajeinsdesus) edA} ejep 1oesisqe ue yuasaidas pue A3} -
‘eweu Jayuapy}
eues ey} Jepun souIUd aidiinw 108)ap O} 8jqe sem Aijjj19e) A1BUOIDIP BlEp §]00113MOd 8Y) J0U JO JAUIIUM XIdYD -

‘|opouwl 8d|Aep 1SH uB pus ‘ajnpow

juewebeusw elep SISTHOLSH oyl ‘199(qo Jojjuow ALjawwiala) o}ijieles B UsaMIaq uojiedjunwiwod oy} juasaisdes -
:0} s1s9) dojanasp 0}
sem yosoiddy “(A1jjiqesdes sjuswaiinbai 1o} paau o) enp juepodwy Ajreinojied) sayious euo Yiim pajesbajuy

eJe S|00} 8y} ||9M MOY pue SISTHOLSH J0 sapjapoe axnyded ubisep eyl Woddns §]00) 8y} jjom moy uo
$N204 “UOHBISHIOM JSS 199IqNS eyl YIIm PalaA|iap s100} (ISv D) Bupeauibul elemyos papiy s9indwo alenjeaz o

JusiuojAUD Juawidojanap a1emljos B sapiaosd uopeisyiom 3SS eyl o

uoljen|eAs 91em}os UONEISHIOM




sa|nJ 10} woddns ou ‘jjesonQ 0

walsAs jo uopejuasaidal [eajydesd apiaoid 0} 1BYD 81N1ONUIS SasN UeyHUewsS o

393y AoualsS|suod ou ‘syuawwod weiboid-e02i1n0s awos wol} sjusawdels Jdd S1oelixa -
$3(1} 821N0S 1qad wouy sajy Bunsi 1ad seald -

Heyd ainionais e B aj bunsi 1ad 01 PaUaAUOd S| 82IN0S 1dd -

T1adiomod o

Areuopoiq eieq 1ad o1 sdadsjujw wou} Ajuo Aem-auo
"uoljewsojsued) jo41uod e Gunuasesdal 10} poyiaw ou
MO}} Blep SNONUJIUOD 3 9]a49SIP B UdaM)aq uolaulsIp (eayde.b ou

pajesauab
§] 9p0d 394N0S 1dd pue ‘USNUM aJe sdadsjujw ‘}ing aJe (s,q4q) sweibejg mol4 eleq

MO|Jd3i4 O

uonenjeAs aiemyos (Sj00 1 J9MOd XIUOI|) UOHIEISHIOM

oNMA/3ASS |<m’\

L3 ) Y [




wa)sAs Jo uopejuasaidas jBajydesd epjaosd o) @anjonals sasn yeyouews o

* SIUaWIWOd
1901109, Bujaey 104 AYjjiqisuodsal |in} S18aq JOPOD BY} JU3WBII0jUD Aoua)sisuod oN “(dsiy yim

¥IOM J0U Pip) ©POI 83INOS U] SJUBLILLOD SB PapPaqId Sjuswalels 10d 1081IXa uBd OS[Y "Sejy 83In0S
1ad $.M0143314 woy (LBYd eijonas 8 pue) sajy Bups)| 10d 818810 0} S| UORIUN UfBW §,70d4aMmod ©

(‘weibe)g moy4 eleq o) dn xoeq sabueyd ojy-1ad erow

o} Aem oN) "sse201d Aem-auo B §| soadsjujiu oy} wWoly 1ad 40 uojesaual ay) ‘osly "uopewojsue.]

|041u09 & Bujjuesaidas 10} POYIBLW B J0U ‘MO BIBP SNONURUOD B 813I0S|P B UIIMIA] UOHIDUNSIP
[eajydesd ou yym Inq ‘sweibeip moy Blep piepuels Hujop 10§ poyiaw JUdjUSAUCD B sopinoid moj4aaig o

uonenjeAl a1emyos (1001 1amod Xjuodj|) uoneIsIom




"SI9AIIP 1S09 OINOD0I 3yl ojuy pajeiodiodauy uaaq 1ou aAey Auxajdwod ajni pue s9jnu -
100} Yd4 9y} jo Indino ay) uo spuadap ONOH0I jo Aoeandde -
§1809 Jamoduew 3 a1emijos ajewnsa o} pasn si (ONOIOID) 1I9POI UOKIONIISUOY) 1SO0) O

‘vd4 01 9|qesjjdde s| 1eyl ajnu e 10} Hojeue jeuonosun} e Buidojanap
pue {uogisanb seinoiued e samsue o) pasinbai sojnu jo Jequnu ayl Buluiwaalap
9po9 jo auy (dsiq) e bBuiuiep
:ul swajqouid o) anp ajenbapeu; -
UOHIRIUBLLINDOP JO S8U| PUR 8POI JO SBUJ| a18MHOS JO JUNOD dlew|iS? O} pasn -
(vdd) sisAjeuy ujod uonoung o

*$8|N4 NIHL-4] Ul Papoouad s| abpajmoud| 1ISUN3Y YIIYM Ul JUSLLUOCIIAUD
paseq-dsi ‘pajusiio-19aiqo ue s| pasn [opow (3)) Buuesuibua abpajmouy ayL o

: sjuswalinbai ubisap SISTHOLSH O} 5100}
Xjuodj ay} ideps 03 NOKIP SEM Jf OSje ‘awyl Yl Je 3jigejleABUN 313M SWOS “XVA Ja3SS
3y} pue UOIeISHIOM BU] Udamiaq palNquUIs|p Udaq aABY O} aiam S|00} Juswabeuew 10aloid O

:Juawabeuew joafosd asemyos sapinoid (XVA) Aljioe4 Juswdojanaqg 3SS

uonenjeAg a1emyos }SoH

VSV

NaA/3ASs




"SI3AUP 1503 ONODO0D el uf
pejei0di109u) ueaq jou aaey A)xajdwod sjns pue sajnJ ‘asowioyuUng |9pow I SiUl YIIM njBA ejqeuoyjisenb jo
$] pue - |00} Vdd ey} jo indino oy} uo sepuadep OWOI0D J0 AdeInddEB 8YL ‘sjonpoJd ay) jo Juswdojaaep syl
10} sjudwalinbas Jamodusw @ awy JuaWdo|dAIP BlBWIISD 0) 3|qB||BAB S| (lopow uopdNIISU0) 1502) ONOIJ0I ©

“vdd o1 ejqedyidde s| 18U} ejru 8 10}

Bojeus jguooun; e Gujdojeaep pue ‘uoyisanb seinojled B Jemsue o} paiinbai sajnJ Jo sequinu ey Bujujwielap

‘Sou|| ©|qBpeal JO JAqUINU B 8q Ued Yd|ym - opo3 Jo euy| (dsi) e Bujuyep :u; swejqosd o} enp [apow I Siyl
10} ejenbapeu; s| vdd4 ‘(vd4d) siskjeuy jujod uopound Aq pauoddns ese saz|s Juawndop @ 8pod Jo uojjewjisy o

*S$3jni NIHL-dI
U] papooud s} e6pajMou) JISUNAY YIIYM U] JUBWIUOI|AUS Paseq-ds| ‘PalIud|L0-123[qo ue S| pasn |apow 3) 8yl 0

*sajijAnoe (3)) uussuibue

ebpejmou)] 0} 10adsels Y)im palBn|BAd eq 0} SB 0S PAIPNIS Sem WwalsAs yoea jo sojfojopoylow oyl "SISIHOLSH

Jo sjuawainbal ubisep oy} 0} §]00} xjuod} ay) Bupdepe uj Aynayp oyl pue ‘awg eyl 18 AjjiqiieAsun

{8a1sAyd oy} 0} Led uj anp ‘sjoo) jJuswdojaAap e1em}jos 3SS oyl s8 AIybnoloy) se pajsal Jou aiom $|00)}
880yl "XVA 433SS o4l pue UOHIBISHIOM Y] U3aMIaq paInquIs|p 100} Juawabeuew joafoid sapnjoul uopenjeAz o

‘sj0ejoid esem)os ebeusiu 0} Juswuoljaus ue sapjaold XVA (4a3SS) Anoed wewdojaaeg 3SS oYL

uonenjeAs alemyos 1SoH




sa|ni 10} woddns ou

Ajowoue sj aseyd
snojaaid 0} dnyoeq ‘(lusawdojanap “6°9) Jayloue o} (Juswalinbai “6-3) aseyd auo wouy
uoljjjsueu) o} 13pJ0 Ul UoEIIIIoU [ew.o} awos alinbal 18yl SJUSAS 9)349SIP JO IS)| Jeaul]

wisiueyoauw |O4UOD USALIP-JUDAD

(seseyd aay
J0 wnwxew /m) saseyd yuawdojarap 193foid ay) Jojie) o} Ayjiqe Yiim Joleasd ayl pepilaosd

ajenbape uopieald souelsuj 10sfoad

(ruoneuuojuy 199foad Jayl10 pue ‘sajnpayds ‘syonpoud pauyap |8 10} aseqelep
oy1oads-109jo.d s) aseqeleq) -eseqelep 109/oid 0} SS839E 3|qRUS O} 19S-]00) DAISUIIXD U S|

(SIN3LYY Eot B -a) ajnpayss pue uejd 109foid sapjaoid sasn

:aouelsuy 199foid e
|O53UOD pue 8jeald 0) poylaw e sapjaosd c:oE:o.__>:m josiuon weiboid payewoiny) 3ody ©

‘199foud uawdojansp SgX B Jo sainpayds ay) Buibeuew Jo ejqedes sieadde -
ssaiBoud sjay) BGupjoes) @ sainpayss Hujuued 1o} asn uay ‘ueld 103fosd sa1ud -

(waisAs
uojlewloju] EoEomm:ms_ uopien|ea3 pue ‘Gupyoel] ‘Gunsoday parewoliny) SINILHY ©

‘1opows Juswdojaaap jesids wyaog (UaaLp-ssaa04d) si 8j0A2-0)1] SAM PA1J9I3S ©

uonenjeAg aJemyos }SoH

* * W %,




-s9jn4 40} woddns ou sey 30dV ‘Alleuld "ss830.d eAjBIa)| UB SB pajeal) 818 Buipoo pue

“y10m ub|sap ‘sisAjeue sjuswainbai esoym ABojopoylaw BuidAioioid 8 Yilm SPPO 18 - WS|UBLIW

jo11u0d abueyd awos s1066(4] eyl Ajowous ue sB pajeal s| Siyl ‘asayd snojaaid e uj Juawald

uB 0} uojied|jipow B ayew o} A1Bssaddau si il Ji “(luswdoeaap “6-8) Jayloue o} (luswaunbai “6H°9)

eseyd auo WoJj UONISUBI} O} J8PI0 U| UOHBIYIIOU [BuLIO} 8WOS a1inDaJ JBYl SJUSAD 81310SIP JO 1S]|

JBau|| e se pajeal] aie eduBisu| }o2{osd 8yl oju| palatud SHUSWB|T "WISIUBYIIW |0JIU0D USALIP-JUIAS

ue sasn 3Odv eyl "seseyd juswdojarep 19afosd ay) Jojie) 0} Aifjiqe Yim 10jeaid ey} papiaosd

pue ‘Ajnayip 1831 ou Yim sduelsuj 193jod e ajeasd o} ayenbape Ajjuajoyins sem (waisAs 3SS

oy} JO 1°L'C UO|SIaA Uf) 8dBalu) 8y] "ejnpayds pue ueid 193(oid B siajua Is1) Joyine ayl ‘eduelsuy
199(01d B j01U0J pue 8)8aId 0} poylaw B sapjaosd (Juawuoliaug jofuoD weibold pajewoiny) 30dY ©

-100{o1d Juswidojenep walsAs paseq ebpajmouy B jo sanpayas eyl Hujbeuew jo eiqeded eq
0} sweas (WwaisAs uofleunoju) Juswabeuey uojienjea pue ‘Gupjoe.y ‘Gupiodoy pajewoliny) SINLLHY O

-paulep |19m jou a18 sjuawaiinbas ay) uaym paziin sy yoeoidde Buidf1o104d ey
9JoUM ‘UaALIp-§S8304d S jopotu j9K2-8)| SIUL "SISTHOLSH Bunuasaida 10} ejenbape pasapisuod
Ajiepiu ‘e1949 uawdojeaap jeiids (s,wysog Aueg) uo pajjopou pajeald sem adueisul 1oefoud v o

uollenjeAg 91eMyos 1SOH




swalsAs ajil-397dV 40 -Xjuodj uj sajnu Juasaidal 0} spoylaw uo Apnis Jayung o
sjuawaiinbail 8o1nosal SgM Bupewiisa 10} SUOISIBA |00} UO ApN]S Jayung O

Apmis - (Buidfyoj04d “6°3) sjapow ajoAo-aj)| asemyos jeuolippe woddns pinoys 39dv o

Aujiqeadsel) apod-siuswalinbail Jo poyiawl a|qixaj} 8 aAeY pinoys
uopeayoads jeaiydesb-uou e woly swesbeip jo Guimesp ajewolne yoddns pinoys
pajeibajul Ajoso|d ei0w aq pinoys

(19s-j00} s,0jj0dy 01 snobojeue) Aij1o8) Bujwwesbelp
diysuopejes-Ainua ue pue ‘Ayjioe) bujwwesbelp uonisuel) ajels e epinold pinoys

| ‘uojlewojsuel) josuod e Bupuasesdas Joj pue
‘SMO|} Blep SNONUJIUOID puk 3}aJasIp uaamiaq ysinbunsip o1 Aljiqedes jesiydesb pasu

subjsep pajualio-19a(qo jo uoddns sa)jaq pasu
paxi} g pinoys yaiym sbnq swos aaey
:S]00} ISV Xjuod} o

SUOIEpUaWIWOI3Y



swalsAs aji-30dV 40 -X|uodj uj sajnJ Juasaidal o} spoylaw uo Apn}s 1ayung o

(s) se eyenbapeu) ese ONOD0D B
vd4) suopeiuswaidwy jy 10} suawelnbas 631n0sal BJBWRSS O} SUOISIaA [00} dojaAdp O} Apnis Jeyung o
(e1eirdoadde eq Jou Aew [apous jeiids) esay papasu
s| Apmis Jeyun} - (BujdAio10.d “6°0) Sjapowu 8jako-a}|| esemyos [euopippe Lioddns pinoys 30dv 0
A1qeadsy) 10} 0p0OI 82IN0S pajejilje 0} sjuawalinbas Bupjull jo poylaw e|qixaj) e aaey pinoys -

(sdiysuopiejes pue sajijlua o isj| & woJj weibeip diysuopejas-Aijuad
ue ajesauab “B-e) uoeoyioads jeajydeit-uou B wouy sweibelp jo Sumesp dnewoine yoddns pinoys -

(ubisep
pue sjuawasnbas weiboid jo Juswdojaasp eapaeidlU] oY) Loddns Jouued jay) 8jels JUILIND JjdY)
uj) 1xau ey} o} pajebedoid A[1991109 ese [9A3] 6uO I8 Sabueyd jey} os pajeibajuj Ajasojd elouw aq pinoys -

Ayiioe; SujuweiBelp diysuopees-Aifius ue pue ‘Ayjoe} Gujwwesbelp uopisuel) 8lels B epjaoid pinoys -

suopewlojsuen
{04}u09 B Buuesaidas 10} pue ‘smoy Blep SNONURUOD pue 8}a1dsip Buowe ysinbupsip oy Aljjiqeded
jeajydesB ppe - mo| 49314 U] SUOISUBIXS oL |l-jeal BIA subjsap pajuauo-199[qo jo uoddns 1aliaq pasu -

paxi} eq o} padu yaym sbnq aney -
+§|00} 3SVI Xx{uodj o

suoljepuawwood’ay




(11 19Ae7) 0ddSS Aq pauoddns Ajjensed

alemp.ey ajquedwod-d4SS azijin |im uopiejuawajduy
uoneaaA [eliqQ jo uoddns ug

x3|dwosn uoddng suonesadp ajpIAsiuny ayy ul

adoasajal
aoeds 9|qqnH 10} walsAs sisoubejp-line} ¥JALSH Jo Wed se SISTHOLSH uawajdw| o

suopebnsaauy 1ayuny 10} woddns }sag o
siadojaAap/siaydleasal D)3 9410 Yim 8dBHBIUI BNURUOD O
saApejuasaidal 3SS yiMm adeldlu) SNURUOD O

LJuonenjeag uoddng azemyos

aseq-abpajmou) Bupiesuibuz/ubisag adoassja) aseds a|qqny,, - Hodes sjeujwassiq o

sue|d

INA/3ASS




olvi/seqiog uyoft -

OSWTX0Q uoisald -
ST/ S19AmeY ujAd)y -
:poayYy20]

(410D) Vit/Pue|pal J3led ia - -
:191U9) Yoleasay sauy GL13MuUId 9IOYIIN -
tvg3/uewijoq woy -

$19Y21Ba8aY AleNnpely B [e10100g-1sod - :191uaQ 1614 soeds [leysien

Id ‘aJowdjbu3y ueqoy 1q -

:As0je10q€E7] ‘SSS/uBWAA NN I -
swalsAg abpajmou) - AlisiaAlun piojuels 89130 weiboid wopaaig4 uonels oonam
sjuedioied

OMA/3ass \/




$59204d HaH/Hdd @Y} 0lu] padj 0} SUOjiepuaWILIoI3l sapiroid

sapesbdn aApoaye 1o} sannjunioddo saynuapy

sabeyuy| A11owaja) alepijeA pue 1sa) 0] Spoyiaw saynudp|

yiomawes} 3SS ul paysiidwodde aq ued HHA Moy uo sajbojopoylawu sajessuowap
:3SS/d4SS O} [edlyauaq Hoye s eak [elliu] o

uopebnsaau| jeuonippe aiinbai ysym sease dn payutod Apmis 0

‘|[9pow D)@ aAneluasaidal e jo yuawdojaasp
ay) uo uonejuawelduty 3gS auo Buisn 10} JudwWSsasSe |efljul Pap|alA SAIAIIY O

Alewwnsg

oNa/ass




saAnoR
13y10 elepowwode o) ssasoid HAD/HAd @Y} 01U paaj O} suolepuaWWodal sapirosd

S$SaUaA|93)y9 anolduwy o) sapelbdn asemyjos 10} sapjiunioddo seyizuapy

sobeyul| A11owa|a) alepijeA pue 1s3) 0} Spoyiaw saynuap]

)iomauwel} 3SS ul paysiidwosde aq ued HHa moy uo sajbojopoylow sajesjsuowap
:309fo4d syl "3SS/d4SS 01 [efdlauaq aq ||im LoYd s Jeak jepjul ayl o

}10Mm aimn} Jo} edeid
yjo-6ujdwinf B ‘uopebpisaauy jeuopippe asnbas yaiym sease dn pajujod Apnmys siyy o

‘lepow 9@ eAneluasaidal e jo Juawdojaaap ayl uj uopeluswejduy
3SS 9uo Bujsn 10} JUBWISSISSE [B1}{Ul U Pap|alA 68A] U] SSINA[IOR 8yl O

Arewwing



i~

Yoy
i, "?2.".;..* Taldivtinae,
~\ LALLITT Y IRdrren

Ames Reseoarch Center

TR
A AT
REr g AR
PRl I X LIRS,
=N D 1y
" E R

e d
wl
—
z
S8
)
T
Q
0 d
<
w
n
wi
o
2]
L
2
<

A Ay

U IV Y @ o 3 10 UITIWTWETY LY bW It oy 7/ s
luwu.vmnmnpy;rygg_n.:'\“:. ASAYUTIAN M ALY 4/

N/

SPACE STATION FREEDOM

ST
s
D
A\ T
er TTALVTRTTI T, 8 Ty P VI PRIV SOV A,
T e LAV 5§ L MKMW
Wy o8 B ANWIREATATE ATV
e /IA A AR oL

O
Lo
o
I_
wn
L]
I,__
Lo
ad
-
—
Q)
Ll
|._.
1
)
ad
<C
O
Ll
O
prd
.<
>
()
<

491



‘sjuswiadxa aoueis|o} }ney pue aouewlopad pue ‘sjool Buuojuow
pUB UONEB|NWIS 8JEMHOS 8} ‘suoneisyiom syl Buipnjoul paqlIosap
Ayauq ese yoeosdde ayl ajenueisul Ydiym sjuswald paqisal

oyl "UONEJIUNWWOD |lew-3 pue S|00} 8JEMIOS |[e 10} Sjenuell

sjosn 0} uonuspe [eroads ‘suoleinwe pue suolenwis O} Sadelsiul
JosSn [einjeu ‘piepuels ‘paqisal ayl o} uibo| ajowas elA Aujiqedeo
DUE SjuawaJinbal JO MBIA UOWWOD B UdAID aJe syuedioiuyed "synsal
ay; Buueys o} pue ‘sideouod juswabeuew ysu pue aouewJiopad
mou ajenjeas pue dojaAsp O} Uolym woiy aseq e sapiaoid

waishks ay] ‘swalsAs lossadoidijnw pue s10ss820id paseq

-NS|H PBOUBAPE pUB ‘S}IOMIBU PUB SI0SS9J0.d BleQ Piepuelg 8yl yioq
Buniuasaides suoneisyiom aoueuuopad ybiy jo walshks painquisip
‘uado ue apinoid o} si yoeoidde ay]  -sanyjiqeded jo UOISUBIXS

pue ‘salyjiqeded pue sjuawalinbas walshs jo Buipueisispun ‘spasu
1asn jo uonepijea syl Buipnour ‘suoneoydde plom -jeas Bujuyal
pue Buiuyep uo si siseydw3y "SNQ wopassi4 uonels adeds auyl 1o}
suoneoldde uonewolne BulAjoA8 8yl 0} Snd0y [eyuswiiadxa ‘Bunjiom
e apinoid 0} SI pagisa] S|00] pue 8Injoalydly 8yl jo aAnoalqo ayjg

10vdlisav
el A8l “IN - PaqISal SaIndaiydly SIWA PadUBApPY




VILNILOd ® SNOISNILX3 3dNLNd «
JAILND3XT LHOddNS NOILVINASL «
ST13AOW NOILVINIS .
NOILVHNOIANOD d349.1S31 «
JAILOIdSHId SNV'1d Pue AHOLSIH «

NOILHASNI NOILVINO LNV
10} SININIH3IdX3 AIHVHS :Ld3ONQOD «

:M3IAH3AO

H31IN3D HOHVISIH S3INV VSVN

Juely) ] Auag
A8

d34.1S31 S3HNLOILIHOHY SINd AIONVAQY




‘sjuswadxa |enplAlpul
j0 sseoons sy} se AbBojouyos} meu buniasui 0} juepodwi se aq ||Im uolnjoA® SINQG 10§ saAnoalqo
j0 Buipuejsispun uowwod B JO juswdojdAsp pue $|00} pue spoyiew jo Buueys uado ay] -sjedioised
oym siasn pue ‘siedojaasp ‘siaubisap snouea a8y} Buowe dojaasp Aoy} se sjybisui pue swa|qosd ay)
j0 suojesiunwwod Bunen|ioe; ewr awes 8y ¥e sjiym sisAjeue pue ‘uolNISXS ‘Butuueld juswiadxa
asea 0} 8Jnjonisesul ayl apiaoid O} SI S3INJOdJYJIE PadUBAPE 10} Paqisa) ayl jo abusjeyd eyl

‘sayiyigeded mau pue sjuswalinbas mau o} Bundepe oy ABojopoyiew jo Apnis 8y} (9) pue sanssi
A18A0D3J PUE ‘UOIIB|OSI ‘uonoslep ainje; jo uonebisaaul () ‘siuswuadxe Jesn Buiaup pue uoijeodlddy
juswabeueyy suonesadp 10} sjuswasinbas swii-|eas jo juswauyal pue uontuyep (y) SEM pue
sainpaooid pajewolne snouea yium sjuswuadxe juaswdojaasp (g) ‘Aljjeuolloun} jo S|8A3| SNOUBA e pue
sulewop snoueAa ul (Sgy) swalsAs paseq-abpajmouy yim sjuswuadxa Ayanonpoid () ‘suoneisyiom
aouewsopad-ybiy pue sisossadcosdijn mau jo uonenjeaa [euoijesado (1) :juiodmaia |euoisuswip
-NW B ylIM  SUOIIEISHIOM pue si8indwod le-8y}-jo-ajels uo suonesydde yym sjuswnadxs
Jousa-pue-jeuy, saidwi paqisa) ayj -swalsAs ybyj |ess 0} paijdde sainpsoosd 1s8) pue ‘uonesbsiul
wuswdojarap snoiobu a8y} 10} ajepipued sjgejdsocoe ue 8q 0} ybnous isnqos 8Qq Os|e UBD YOIYm
wesAs aouewsopad-ybiy e 91eald 0} puB UONBWOINE P3JUBAPE JO S8INlEad) Jasn mau 3yl ||e sjesbajul
pue ajenjeAs 0} Ailessadau si pagise} Y "Wopaai4 uonels adedg pieoquo (SNQ) weisAg juswabeuen ereq
ayl ojul uoilewoine Bunsasul 10} 8uo [eiMBU B SI PaQISa] S$8INOSNYDIY PSOUBAPY UE JO 1dBdu0d 8y|

1d30NOJ 3HL




e

iJ19s11 abueyd
UIIM JUBWIJSUXD 0] 9[21UdA JJWRUAP VY

S1ybisu| ‘swa|qodd ‘S1S8Jaju] ‘s|oo]

:buideys 4oy sdnjondisedju} uy |

Sa|pn3s ‘s1dafodd ‘M/S ‘M/H
'JULOdMBLA |BUOISUBWIP-|I{NW ¥

SUO}1BISHMIOM @ SJ3INAWOD VYOS JO UOJ1D3[|0D VY

S
§84N129711YdJdy Uollewoliny o3
SNJ04 [elUBWIJBAXT UY 1 dIINOD

d3g1s3il mmmahumtzumﬂ J30NVAQY
NOILYWOLNY |




‘wopaal4
uonels aoeds Jo s1asn pud pue si190uibua swaisAs jo dnoib peoiq B yum s)nsas pue spoyjeul ‘saipjioey jo Huueys papuaixe 8yl (g) pue
‘sjuswiiadxa uonejnwa pue uolejnwis pajesbajul () ‘90BHAIUI S19SN UOWWOD B O uonippe (9) ‘luswuoiiAul buysa) parewoiny
uonoaluj yned e jo uawdojarsp (s) ‘6unsal xiomisu pie ol SaM adAioloud e jo yuawdojaaap (p) ‘sioindwod 9gy! JO uonippe
ayl (£) ‘a|qejieAe saw008q 1 SB aiempiey ¥} SWQ pue SUONBISHIOM Z/Sd JO uonippe 8yl (2) ‘piepuels |aad 3yl o 6uu ondosaqy
JUBpUNPaI Byl JO UOISIBAUOD 3ui (1) :jejnoiJed Ul pue sease palid ayl Jo yoes ul wawdojaaap apnjoul paqisal ayl 10} sueid aming

‘uonnjond ABojouyoal
J0 $S800NS 3y} Joj juswa|d Aiessadsu e ‘uonedionued aiow abeincoua o) pauy buidq spoyidw ay) Jo sajdwexa om} aie UOIElUsWNIopP
paqisal 1xauadAH aul pue suonduosep abesoed Loddns 8yl uUOHEUBWNIOP paqisal ayl ul papn|oul SI uolewlojul JayLN}
10} 10BIUOD PUB M3IAIA0 U Ing “1aded jo adods eyl puokaq si s|oo} asayl jo uondudsap pajieldp v -abenbue| uawuosaug poddng
8JeM}J0S piBpuBIS 8y} Ul Suolen|eAd aouewuopad 10§ BPY Ul UBILIMSS UBBQ BABY Buissasoid aoquis Joj syewyouaq dsiy ayy
-1asoubeiqg/onp3 881} ine4 e pue ‘buiwwesboid jueiajol-line} pue paiNguisIp 10} 1Y-|00) & - SISI ‘siskjeue pue uonejuswusdxa
UOIIBINW BJBMYOS 10§ JUBWIUONAUS UB - SNV ‘Aupoe; uoneoynuapl-lapow pue sishjeue-ejep pajesbajul ue - IYNSVYIW :Paqissl
ay) o) pappe uaaq aAey sabexoed woddns [ejuswadxa uone|nwa [e1aA3S  "SNG 8yl uo Bunpom sdnosb sayio o) papiacid sjunosoe
J8SN PUE ‘S|0O0} UOIBINWIS JNO UO PIAINQUISIP USSQ 3ABY S[ENUBW |BUOHIPPY (6) ‘saipmis aouewsopad SWQ 40} Jing ulaq sey 8BS
eleq Asejouy 8yl jo [8pow v (8) -Siudwuadxad oueudds [8A8]-ybiy 18UMNy 10} PASIAB) UBAQ SBY JOIBINWIS YIOMISN JOSS8I0.d
painquisig ayi (/) pue ‘paseajds udaq Sey SOLEBUAIS 310D jeaidA} 104 [0o0l0id |GQ4 BUl JO SisA[eue |euolippy (g) -wBswnoop
uoneinbyuod piedsadAy [eluswadxa ue ul paquIsap aie sioaloid pue ‘asemyjos ‘uonesnbyuod Ny aul (5) -Aunqeded Sgy mau
sapiaoid uoneisyiom dsy aouewnopad-ybly e (p) pue ‘ssipnis adueldjo} IiNEj Wlidiuy JOj) s10ss920id piepuels SWQA aul siuasaidal
uoneisyIom 1986 v (€) '0002W SdIW 8yl pue '00LE 034 8ul ‘PNNS Bul ‘aoueuliopad dIN 01 UByl 210w yim yoea ‘pappe
ueaq aAey s19INdWod OSIY Mau daiyy (2) ‘waisAhs Bunesado Jossadsoidijnw 0008g luanbag ayl ol papiaoad yu)| yJOMIBU B puB pappe
uaaq sey Buu ondosaqy luepunpas v (i) ‘siuoy aidninw uo papuedxa uaaq sey yoeoudde paqisal ay) teak |eosy ised sl 6uung

"1Qq4 ‘1020105d HI0MIaU |BQOJD) Buldseq By} pue ABojouyos) 6un ondosaqy aoueunoped-ybiy ayl Jo uonenWS
pasn pue adueuLI0ad }IOMIBU B8R [BDO] By} UO PASNO0) Sey ‘SiBluad abesoed ¥IOM 8Yl Yum PaJBYS PUB ‘OHY UIYim uoleludwuadxa
1say ayy -sbunsaw dnoib Buijiom SNG 1Sy 8yl 1e pajuasaidas sem DYy e dnoib JuswdojaAsp SaIMIBNYDIY PIOUBADY 3yl pue LEels
3y} 1B 3|qejieAR SBM WOPaal4 uonelS aoedg ay) J0j usWwnd0g [0AUCD 3INIOAYIY (snQg) waiskg uawabeuey eleq (28/1) suyaseq
ayl -swaisAs paseq -abpajmouy pue syiewyousq aouewopad jo juawdojaaap 10} d|qejieae aiam sabenbue) Buiwweiboid epy
pue dsi "XINN J9pun saouauadxa 1S3y 8yl wayl yim pue ‘buinue isnf a1am SuollelsHIom ENNS O JBISNP 3yl "0088 XVA B ‘awe))
UleW paseys UOISIAIP 8yl PUB ‘SUOIBISHIOM DIOQWAS JO SBHBLIEA M3) B ‘Jossaooidinnw 0008g luanbag a8yl Jo paisISUCD asempiey ayj
‘uoIEINBYUOD HIOMIBU PaqISal paulap ou sem a1y} ‘pauueld buiaq sem pagise | S8.NI03IYJIY PIOUBADY SUI UBYMm ‘obe sieak om} Inoqy

JAILO3dSH3d SNVId Pue AHOLSIH V




J9SN SS 4SS T-19A3) +

4SS €-19A3] /IS “Idr +
< sjuedjojiied

24S9 ‘Y

i3soubeqg
sjioday Ayjiiqeray /sop3 d3sp)ney
slioday asuBWLO}Idd ‘1SNv4 ‘SISt +
e)iowyduog epy sxsowyduog dejy
uope|nwy 81831 AN
juopeinwyg pajesbaju) AINSEIN + ,
828}43)u] $198N UOWWO)) axv + SNdQ ‘S3INVI
‘AVId ‘3dAN + :uope|nw3 + ‘uopejnwig
< §pOYjap @ 5|00} >
MD 191noYy 0088 XVA 1N
198¢€
$.0SI4 MaN :000ZW SdIW 00088 luanbeg
I SKa :000St WII WD IL
:5,98v1:8,2/Sd + ¥ NNS :001€ 030 + $.E NNS
< SUO|IBISHIOM B S3WeEI ujew
S4N doLU®
OSI-di1X ¢ doy/ laud3gnausayly
102010.d 1Ga4 Buiy 04 Juepunpay uopeinbiuos oN
< uojjeunbyuo) NV

M WOL

d349.1S31 SIHNLOILIHOHY AIONVAQY

AVAOL

AVAy31IS3A

“m>_h0mn_mmm.n_ SNVI1d/AHOLSIH

RN

e ——————




‘apew aJe suonlppe pue sabueyd se Auauenb panssias aq o} pauue|d

St yoeys ayj -swedioiued pajsassiul e wody suonsabbns pue sjuswwod o} uado

S| Juswadxa uoieljudswWNOOp 8yl  -uonediidde syl jJo spasu ayl l@aw 0} pawwesboid
8q i1snw pue xajdwod aijow sI abeyul 8)9|dwod sy} Ing ‘ MOBIS, B SB 0] palidjol
Aluowwod si uonedldde ayj snyl pue yoejs B Se painjoniis Ajjeussiul are uonedsidde
piedosadAH ®B ul Spied 8y] X8} Jeaul [BuoljUBAUOD ul Se ‘uolneluasaid jo ispio ayy Buixy
loylne 8y} Jo peajsul uonejuasald 118y} jJO 19pI0 8Y} 1o8JIp UBD 18Sn Byl Jeyl oS spied
10 s1o9lqo |enpiaipul ayl Bunjuy jo sAem sidiyynw suoddns osje inq ‘jeusiew oiydesb pue
1x9) sajesbaiul Ajuo 1ou yoiym eipaw 1xauadAy jo wioy B st pieosadAH -wio} sjqeidepe
Ajipeals pue ajgeasn aiow e ul sjoaloid pue sanjgedes asemyos ‘1amod Bunndwiod ay)
JO MOIA pa|elap e bBuipinoid ul Juawpadxa ue s| piedsadAq eIA uonduosap paqisal oyl

d391S31 S3HNLO3LIHOHY A3ONVAQY JHL 10 NOILLVINIWNOO0A d4vOH3IdAH




)

'SIS8l PUB SUONEINWIS JO} 90BIBIUI JOSN 8|qe1I0d 'PIEPUELS B aS(] -

'S|00] 8JEM}J0S pPaIUBWNIOP-|jam ‘ajqeuod dojana( -

‘sjuedioiued
Ylim uo1OBIBIUI leW-T SB |[M SB $S820. uIbo| 810Was 8pinoi -

"AD0TONHO3L SWI1SAS NOLLVYINHOLNI
ul S31LINIBVdVYO 3HN1LNS puB S1INIWIHIND3Y 10 M3IA NOWNWOD

B S1NVJIDILHYd ONIAID AQ ALINNWWOD LNINJOIIA3Q

WOdJ334d4 NOILV.1S 30VdS 84l 01 S3|L 3SO10 3dIAOHd -

. __ .mm_u___nmamo

8 siudwauinbas waejsAs j01pasd/puelsiapun ‘spasu Jesn elepljep -

‘@ouew.oed
pue 8dueis|0} 1nej Joy suonedldde plop-leey euleyeuyeq -

"Sjoo} Buuopuow 1 uonenwis dojere( -
"SNOISSIN YSVYN U0 S3HN1DILIHOYY 2 ST00L

Iy NOILVWOLNV A3ONVAQYV ONIATOAT 4105 SND04 IVLNINIHIAXT
jen puy Jadopaaaquubisag
— uonIaxXy
NVld

=

8A08lqO paqisa] 8in}o8)IydIY POOUBAPY

N &




'SU01}1084400 pue sabueyo
upa o} siadojoasp jo dnoib jews e 10} Ases Il 83ew iInqg ‘S)J9sSn Jsow O} painquisip
SUOISIBA 8y} uO aqg lLuom asayl ‘A|loAnoadsas pied ayi Bunips pue Buisn Jo} Jayiebol

ob suool ging by pue julod uoleweRPXxd 8yj -;amod Bunndwod pappe pue AHAIDBUUOD
oiow yum pauueld Ajusiund uoneinbyuod ayl Buimoys pied e O} Sxulj uodl ,Bimny, ayl
-pred do} Jo awoy 8y} 0} ¥Ooeq Syull UOd! WOy, 8yl 8uUO SIY} B10J9q PIMSIA PIED ise|
ayl o} syuij sAemie moile piemyoeq 8y} wolloq 8y} e :oJjuod apiAcid pue Spied J8ayio
syul| apinoid bl Jej ayi uo uodl piepuels 8yl osje 8JON ‘sjuswiiadxa aouewioad
yiomiau Buiob-uo 1o} Buu ondossqy sdqy 08 dul pue 18ulsyi3 yioq Oi paloaUUOD

aje PNNS Pue 00089 luanbag syl "OS|e salpnis adueid|o} }nej 1o} saebeyoed |eiads Auew
poddns pue suosuedwod asuewlopad XINN 40} d|ge|ieAB aje I98€ NNS PuB S,ENNS 8UlL
‘dSI7 IW1 @yl pue “aioidx3 WD IL @U} ‘000SVINS WII 8yl ‘uoneiuswuadxa 1o} a|qejieAe
OS[e aJe SuoueISHIOM OlloquiAis aouewiopad-ybiy asiyl “1amod uoneindwod mes jo
SdIW O} UBY} 2I10W YUM YOBD ‘0002 SdIN 8ul pue ‘001 Sa s.ieubia ‘YNNS aul ‘siqejreAe
ale si1aindwod DSIY 981yl "9d210yd JO u3Wale 8yl Uo uonBwWIOUl pajlelsp alow ulelqo
O} 1S9I9}Ul JO }JOMidu 10 Jaindwod ay} uo ,NO19, UBD Jasn ayj ‘a|gejieAe AHANOBUUOD
ayl pue Jamod Bunndwos ayl yjoq Bupessn| ‘Julodmain uoneinbiyuod ayi smoys
ainbly 8yl 'M8IAIBAD 8AI103[qo ue pue :sjosloid pue ‘uoneinbyuod pagiss) ‘@ieMHOS
:soAloadsiad 8aiyl Yum Jasooyo juiodmala B sidsn awl isay Joy ‘digy Asolonpouiul
ue yum aias|dwod s1 uonduosap piedsadAy paqisal Sainioslydoly padueApy ayl

NOILVHNOIINOD @3d1S3l




" @4n}n4

ot

\_//

%

1e10]dx3

W10 000SYNS
o ! Wil
SN 00LE Sa
i reudiqg .
dsin 0002-W
N SdIN m —_— -
CE=) - St ”
._.r_’i — |
1INH3IHI1] 1818n[9
..... € NNS
o 000889
o aaa aflonbeg
Aemeojen
i
v S 002¥-d vﬂm%
NNS I 08 louoig 10u0.d

&

53

Buiy andosaqig

o,

jJuepunpay jenqg

@ P3qIS31 9INId3NydIY PIdUBApY




‘passnosip isn{ pied uoneinbiyuod paqisal

ay} o1 syull pue noAej uoneinbiyuod |lews B SI UOJ! IxBU BYL HOBIS 8} JO doy ayl

1B pIeD 19S00yd UIodMaIA [BilUl Byl O} Syull pue (abew! pied siy} ul umoys Jou) asnow
oy} 10} UODI PUBY 8y} SBYOJIBW UONING-8Y}-UO-puBy Byl "BUO SIY} 810j9q PIMIIA DIED ISE|
ayl o} syulj sAemje moue piemyoeq ayi lybu-wonoq syl 1y ‘syielep 8iow 1o} sassalppe
|lew-3 pue ‘siaquinu auoyd ‘ssweu 0} yulj 8sayl "10pudA Byi pue ‘1oejuod syl ‘pied
aI/eMpJBY By} UO SUODI pJepuels om} Os[e 8loN M uo ,Bunoio, Aldwis AqQ paAowa. S|
MOPUIM |BWS SIY] ,'Puooas Jad suononssul uoljjiu 0} 0} dn wiopad ued pue, ‘ZHW G2 I
suns yolym 10ssad0id DHYJS B Se pauteldxs 1ayunj st NdD 8Ul ‘@sed Siyl up ‘wayl sapinoid
MOPUIM ||0JOS pUOD8S B UBY} pue ‘paweu way ayl uo ,Bunoip, Aq e|qejieAe ase ‘palinbal
) ‘Swal ydoea uo s|ield@  "Saul| jo laquwinu 3|qISIA 8yl O} paliwlj Lusl Swall jo Jaqunu
ay} 1eyl ainsse 0} mopuim BuijjoJos B ul SMOYS uollewlojul aiempiey ayl "ull Buu jsuoid
Ayl JOj JOYIO Byl PuB MUl 18UIBYIT BU} 10 dUO ‘siaquinu ssaippe [edisAyd omi ay} uayl
pue ssalppe 1auyddy (i} aYyr Aq pamojjo} ‘Jauiod pueyys| Jaddn ayi ui way isiy 8yl

S| ,YlBIj0Y), ‘UOIBISHIOM 8y} 10} BWeu M3Jomiau oyl -lewuoj piedsedAq ayi ul pajuasaid
S| Juawale asempiey Jaindwod e Aem ayl jo sidwexs [edidA} e si uonduossp YNNS YL

31dINVX3 NOILJIHOS3A 3HYMAHVH d3d1S31




PIepuRS 0.n3 JINA 101S-61BUS sng O/

ﬁ ¥8/21 ZH09/0S ‘ADEZ/SLL 1amod
; SNgG JNA :Sng WasAS

i JOJUON J0|0D 61 JOJUOWN

yoruoy i 90PLLIRd [SOS b/ :9ALIg ade)

auada UAN 0E€ HisIg plen

‘Puodes sed suononssui 3 [ed'uau| MIOMION

uoliiw o1 01 dn wioped g sean g :KIoWa

"E9 PUB ZUINSZ peeds o0 Ny 001 NNS ‘dd4

Ww il e 1@ seyesedo 108s690sd OHVdS |dD 001+ NNS NdD

. OLL/YNNS eyl  ‘seuyoBw |Bws |
sjoefoag | S8 |1em sB eBue| 01 Ayiqeoidde eJempioy \

! sit buiziseydwe ‘esnpenyoyy [

105589014 BqBIBOS 10) SpUByS Ry ST e 5T

- Av OHVJS ‘sieaes pue suoneisyiom L DS AT AL AN P
 SJONE . > S A A
yNOS @~ ijjeijor

. FY




1SI| JEM}JOS [B10} BU} UO ,YOI|9, PuB ,JBS00Yd JUIOAMBIA,

ay} o1 ob isnl pijnom nok ‘epy se yons ‘ebenbue| ayjoue ui paisalsiul Biam noA

I “1s1] paqise) alajdwod ayl lou Ing ‘abie| Aurej si 1si 8iemyos Jejnoiyed siyjy 'spieo
|[eas o} ABojeue [einjeu B Ul SpJeD JBYJ0 O} SQe} dIqiSIA 3yl uo Bunjoip, Aq Jsindwods ayl
1o} uonewsojul 109foid 10 arempiey 8yl O} SS9I0B SMO|[B OS|E 8JeMIOS 8UYl UO pied Siyl
‘asue Aew jeyl suolsanb pajielep Jejndijed ioj S}oBUOD SABY sabeyoed jeivads pue
‘SOOUBIa}B] JOPUBA BpNjoUl SUOKdIIOSEp BIEMHOS [BIDJBWWOY dweu 8yl uo Bumdld,
AQ B|ge|leAB UOHBWIOJUI JBYLIN) pue paweu wall yoea yum ‘sabexoed pue ‘sabenbueq
‘saln se pazuobaied si asemiyos ayjp lewloj prediadAy eyl ul pajuasald si

juswaje Jaindwod e 1o} aiemyos Aem ayl jo aidwexa |eoidAl e si uondudsep ENNS SiYL

FTdNVX3 NOILJIHOS3A 3HVMLH0S d381S31L




. SoBW3 NUY
W SMOIA\IB1U}
) €Y i LX
9iNSeo MBIAUN
P ._mmmw dsi uowwog oiBajy TS
SISI dsiq zuel4 di/do1
1snv4| [ +HOnug | -
Jjasoubeiq 8ai]ine - ] | 2 NuK) SOQ-SW
< Joyp3 esufned | [y oung| (& . 0'v SO ung
sobejyded sabenbue] SIAIINN
\\ : y,

s)aaload R 1 asemyjos f |  esempiey R

(J8UGAS " NISY 1T e0i 821

-------------------------------------




‘NdD 9uo uey} aiow Ag uUOlNISXS JUBLINJUOD Buimolje syoojisiul

Suiejuod Il ‘00089 Oyl uo ssadde J0ssagoidiyinw poddns 0} JBpJO U] PBUBWNO0P

Ajiny sI pue apod aJnos 0, O saull 009} sasn uoilejuswajdwi 8yl °uoidd||0d

sonsnels pue ‘uondadcses 189yoed ‘uolissiwsuel joyoed ‘uonezieniul dioads-asempley
sapinoid 3] ‘(0g8-1ouold) uonejuawsdwi Hiomisu oioads ayl yum anpow (d|) [090}0id
19UIBIU|  JUBPUSdBpUI-}IOMIBU B} S108UUOD BIBMHOS Byl [Buidy XINN 3yl ul sus i
8JoUM pUB |9pOW 8OUBIBJBI YIOMIBU pJepuels Yl Olul Slij 8depdiul 8yl MOY SMOYs a.nbyy
oyl ‘Sjuawuadxa 10} ¥IOMidu paqisal 8yl o} Lod aleusdle ue sapinoid pue 00089

8y}l uo sng AJepuodas B uO pajpuey S! BIEMpIeY ddelBIUI BY|  "S8nssl uonejuawajdwi

jo abpajmouy yidap-ui ayl yum sn apiaoid o} Jedk siyi asnoyul padojonap sem (00089
juanbag 8y} O}) 8uO Puodas By} INg ‘edejBlul YoNs auo papiroid uoneisyiom YNNS Byl
‘SUOIIEDIUNWIWOY 18UIBYId plepuels o} dAle[al Ssisal  aAlesedwod 1oy Buy paads yby e
01 payul| siendwod aAey o} jueuodw) usaq sey I snyl Buu paads ybly e BIA S105S8301d
ele@ PJepuBlS 8yl jull O} ‘NIN 40 ‘Hun 8oepBlUl Yiomidu 8y} jo Aujigeded sI SNA oyl

jo @ouewiopad ayl ul Areusoun Jofew y uswuadxe Aq paylea 1saq sl abpajmouy
1By} pue Sjuawald [enpiaipul ayl jo adsuewsopad ayl jo abpsmouy Ino Byl ueyl ialeq
Aue si aouewiopad walsAs jo [gpow OoN ‘suondo ubisep souewlouad awll-{eas yum
uswnadxe O} Aujige 8yl Si paqisal S8InjodNydly PaOUBApY IO 10} juswalinbas Aay v

S30OV4HILNI YHOMLIN 000849 LNINO3S




SEQUENT B8000 NETWORK INTERFACES

il

Logical
Control Layer

Jr

Media Access
Control Layer

Physical
Layer

User Application

FTP, Telnet, etc.

(b)

3

ProNET-80
Hardware

(HSB/CTL)

-
—

«—
>

ool oo b UserSpace . I _ —

Kernel Space

UDP TCP
IP

(a)
pn se
ProNET-80 Ethernet
Network-Interface Network-Interface

e e . ap e == e e e A @ W e o

Hardware

Ethernet
Hardware
(SCED)

+

- e wu am -

'—— BSD4.3

ocket
ayer

Transport
Layer L

Network
Layer

_’,

Network-Interface

Layer




"OINSOQ Uyim

palsi| SI 8pod 8yl pue ‘B|gE|IBAB 8JE S|ENUBW Jasn pue sswwesboid esjdwod || we|s ul
UBNILIM SI 8p07) 82IN0S  suonipuod Buueynqg xiomidu pue Buipeo| jo AjeleA B Jepun |Qad
j0 sonsusloeieyd 9ouewlopad aulwialep o) paubisep si |spow a8yl (uoneoyioads |SNY)
9861 ‘8z Arenigad ‘0L \'A8H 9L-£8/G°6LEX-YB/6LEX |04U0D SSBIVY EBIPAN Duty uaxo)
I0d4 pJepuelS |[BUOIIBN UBDUBWY 8yl uo paseq S| |apow |aQ4 9yl ‘8jqed ondo saqy Buisn
spaads ybiy 1e ywsues} o} paubisap SuOISIBA 1S8) Blaq [Bl0J8WWOod pue pieogpeaiq

yum ‘padojansp Buidq mou si yiomiau siy} Joj ABojouyos) aleudosdde syl "wopaaid
uoiels aoedg pieoquo walsAg juswabeuepy eleq ayl 10) pauljeseq usaqg sey Yyolym
|j0o0104d yiomiau Buu e ‘(jgg4q) @oepsiuj eleq peinquisiq Jeqi4 {000104d M3ull YIOMISN
Boly |eoo peads-ybly ayl jo soueruwnopad ayl Buneinwis ioj poyldw e sepinoid paqisel
ay) uo (SINV) Joe|nwiS d|qIsusix] %JOMIBN Baly 8007 8yl ‘ainby ayl ul pazuewwns
S| sanssi Aouaje| ¥JOMlau Bale [B20| paosueape Buldpnis 10§ uonejnwis jJo ssaujnjasn ayl

4SS HO4 NOILLVINIS 381531 40 F1dINVX3 NV




QHEN HHL STIIZ NOILVIONIS INIAR ZIIWOSIA
QEEISIL XLISOO ‘IIX HONEIYEIJXE IQad ON

|
[ ]
6ur QILLIRKKOO STYNUALOVIANVN XNVH o
. S xoow Ju0ddns WAXVI-4 ISO-0SI »
3 Yeoon 1 QlS IAVYQ TVNOILVNUILINI/TVNOILVN «
(o] (o)
d o ok oY d HINAON dvV'I - LVIIAVE & 8S38QON 88
n n I0 QISOd0Ud DNIY NITIOL TVOILIO Iaad
(9] Te] NYO
suO
T @Y ar oY) eam
1Y)
(UMOYS YON)
WOMION V/d
o1 o6pn
%209 L}
Ny EOH fo1”] n
[4 \
SPON
MO MO
W3ar vS3
NIOMION 820D

= NOILVIS HEDVA8 OL NOIILVOI'IddV -
T000LOUd YHOMLIN QEEJS-HOIR V 40 SIIAALS XONELIVT




"SUOIOUN) JOAI8S PuB Juald 3|qeliod 8jesjSuoWwap Ydlym uoneoyoads ayy o} Buipiodde

pajsa) pue UBJUM usaq OS[e dAeY siduds ||Bus-J [enlu -uonduosap S| ul peyoads sadepslul

Auew ay) bunensnj Aq Auxe|dwod s}l JO MIIA [BINJDSIIYDIE UB saAlb ainby puooss auyj ‘'ss8o04d Ul

si senss| abesn aio|dxe o} adAjojoud B pue ‘pajo|dwod usaq sey Jd1IN dul 10} uoijeoyoads ayj  paqissl
INO 0} SE ||9m se ‘OGP 1e juawdojaaap suonesado 3y} O} 1saisjul JO %SE} wewabeuew e 0} ) Adde 0}
Buikny Aq |00} Sg)Y Syl jo Buipuelsiapun ino uadaap pue [eiuajod s} uspeoiq 0} )i PINOM 8\ 'SIS8)
wawdojaasp yiomiau 10} sjoo} sisAjeue/bunojuow pue ‘sossa00id  peOPUOM ‘saliin XINN 8siaadns
pue sandwodyuoielsiiom XINN Aue ol uod |im paqisal 8y} 1o wawdojaaap Japun adAiojoid J4IN @yl

‘a10ko ubisap ey} Buiuauoys Apueoyiubis snyi Jepio

1001400 8y} ul sweiboid 1081100 8Y} 8INO8X8 puE 1sAjeue a8y} jo saAnoalqo ey} ,puejsiepun, 0} d|qe Si

U ‘sg) e ui uonyeibajul sy} op 0} paisinbal abpajmouy Buiajos-wajqoid ey} Buizijewsoy Ag ‘uoneibajul
nay) Buunp inod0 ueyo sioud pue sAeidsp snosawnu ‘sweiboid sy} Buowe sdiysuone|alisjul

ay} jo Auxajdwod 8y} o} ang ‘sseiouspuadapialul Jo 8SNEISQ UONNDIX3-40-18PIO0 o1J1098ds B yum
pejesbajut 8q sweiboid saindwod jey} sasinbas ualo sishkjeue ubBiseq °sa|oIydA aoedsosae 10j swejqoid
ubisep Aseuiwiaid o) paidde Ajjnjssadons uaaq sey i ‘siskjeue ubisep pasisap e sonpoid 0} sweibosd
Buisixe aynoaxa pue ajeibejul 0} pasinbas abpajmouy Buinjos-wajqoid 8y} azijewsoy 0} pasu ey} Aq
pejeajow Ajjeuibuo sem Sgy 8yl ‘unyeyd uliyiey g Aq ‘sjess ‘Jsjued KBojouyos| paoueapy bBuieog
ay} e juswdojaasp 18pun S} 1duds 1s8) |1oasl-ubiy e yum sayieboy ‘vonesnbyuodo paqissel auyl pue
XINN uo aseq abpajmouy B 0} esuodsas ul wiopad Ajleonewolne (M I Ydiym (8anbiy 1s11y 8y} ui paisiy)
O/BU3DS 8ANNOSXd ayl JO SWJa} Ul poolsispun 1s8q sdeysad si }} ‘uoneoydde ubisap e o} aIemyos
snoauaboialay sajesbBajul jeyl Sg)Y B uo paseq S! (J4LN) 8AMInd8x3 8inpadoid 18] YIOMISN 8yl

1IN3WdJOT3A3A0 3HNA3O0Hd 1S31L ¥HOMULSN




aoeiau| Jasn o} ,,219|dwo) 1sa |, |eubis -
sisAjeue uni-jsod ajeniuy -
(uonajdwos days-uoijesall 4oy 10) uona|dwod 10} uni }29y9H -

(- ‘awin-und ‘aji} p102al - Juswainseaw
uadQ) aunseaw aduew.oiad punosbaloy ayeniu) -

(s19)oweled 1as ‘a1eo0|) sionuow Ijenuj -
(leuondo) sjaas] Ayanoe 1snipy -

(1di1os Aduspuadapiajul ajeniul ‘s10ssadoid B uoneinbiyuod
alepijeA ‘s)ylewyouaq ajeoo)) buissasoud punosbyoeq ajeniu) -

(SIAILDAr90 WOHL NIAIHA I1nY) - (S)OIHYNIDS IJAILNDIXI

JAILND3IX3 F3HNAIO0Hd 1S3L MHOMLIN



NETWORK TEST PROCEDURE EXECUTIVE

-w e ®mwmee®u.wewe%w

,> >

Directory

@
®
@®
®
®
Plan

! [}
: % m
[}
: N ©) !
! > — "
: °E ]
(] s | &) nw ,
' T O - '
' O X R .
' Q LW S .
‘ X nrv o '
— [0}
ol 287 - o “
2 ® “
5 < L “
G ey ’
/>y S T ---- . a :
1 . 5 :
(] ' .
@m @ @ “ o
Q
© ' / 2
w £ ' NG
2o @ >, )
L 4 [ -, '
.- a 7] ‘o.\s :
o< o< 22, :
LD ...................................

Directory

17




‘SING 8yl ol uolasul 10j saibojouyosl mau Jo sniels ssauipeas ay) jo Bulpuelsispun
Jaieq ul Buiynsas ‘suonenjeas jo uonnquisip pides se ||8m Se S$a8.injodliydse
Buissasoid pue suoneoidde Sgy mau jo uonenieae pides MOjB ||im Sawy Je padojaAap
ainonnseyul 8yl suejd uoisusixe jo AlaLeA B 8ABY SBUO Jusseld ayl pue ‘paqisal
ay} o} pappe aq ued spafoid alow Auew 8sinod JO ‘siossadoid peoueApe pasosuods
LSVYO J8ylo Jo/pue walsAs Jossadoidin Snowouoine suiogadeds B Jo uonippe

ayi (g) pue ‘suonelsyiom sosuewiopad-ybly Jaylo ol S,NIN 0 uonippe 8yl (g) :prepueis
1da4 8yl o) Buu 08 18uoid 8yl Jo uoisieAuod ayl (1) :siuawasinbas pue ABojouydsy

mau oy uoneidepe Jo} jnydjay Buiag se sieauibus walsAs pue siadojaasp SING aul Aq
pabeinoous ase Aayl ji auop 8q |[IM ydolym suoisuslxd piemioj-lybiesis awos sajesisnj|l
ainBy ay] “-aunin} Jeau ayi ul aiqeqosd ase uoneinbiuod paqisel WwaiInd a8yl O}
suoisuaixae Auew ‘paquosap isn sjoslosd juswdojaasp [enpiAIpul OM} 8yl O} uonippe Uu|

NOILVLNIWITdWI d39.1S31 34N.1Nd



el
i
1

198¢ NNS

00088 1uanbag

bo
B
b
1}

SWVYS

\_

buiy uayoyl

ando Joqi4
uoo9]oid

000SPWS

001lg Sa
(eybig

0088

XY A

fiemareq




18jUa) YoIeasay sawy

yosueig ABojouydsay
<m/\2 swa)sAg yuabijeiy)

EeOYyoQ ug||3 "1g
Ag

0661 ‘g Arenigo4

X1 ‘Aup enbes
wnisodwAg uoiNjoAg uoiels aoedg

Je pajuasa.d
G0-08-88Y NdN

SIW3LSAS HOSS3IOOHdILTNIN
SNOWONOLNY ANHOG3OVdS

515




J3Jud)) yoieasay sawy youeig Abojouyoa)

<m’\2 swalsAg wabijeiu)

‘SING 9y} uo 1oedwi ay) pue ‘sosuaioeeyd [euolieindwod Jiay)
‘uoijewolne pasueApe Jo} sjuswalinbal Jasn puejsiapun Jajaq o} pasN

‘uoljewone

pasueApe 10} paiinbai swa)sAs paseq-abpajmouy awi}-jes.
ab.e| uoddns jouued siossao0.id uoljels adedg pauljaseqd

:UOIBANON
'paq1sal SNQ YuMm siossaocoud ajeibajul 0}

papoau s|oo} dojaaap pue ‘sjuswalinbas Buissaosoid oljoquiis
pue ouswnu pajelbtalul Apnis 0} HoYd papun}-] SYQ 8lels|adoy

:8A08[q0

SI3LSAS HOSS3IO0HdILTNIN SNOWONOLNY INHOE3IOVdS




18juan) yoseasay sally .

<m’\2 youeug ABojouydsay
swalsAg Juabijay)

paqisal SN Uim siossadsold

gouewnopad ybiy ayesbaiul 0} papasu sjoo} dojaasp
pue ‘sadinosal [euoleindwod uo yoedwi aulwis}ap

‘sjuawalinbai Jasn auysp 0} weiboid Juswdopaag

paoueApY UoNelS 8oedg pue | SYO Aq papun}-0) +06Ad

spunj Jo abeuoys pue sjuswalinbal Jasn wuy
J0 )OE| Jo asnedaq | SYO Aq pajjeoued 1osloid SINAS 6861 Bny

(SIWAS) walsAg Jossaooidyniy DISHA 8ulogaoseds |
Jo Juswdojeasp uibaq o} SSO pue |SYO Aq pepunj-0)  68-88A4

ASVL 40 AHOLSIH

SW3LSAS HOSSIOOHdILTININ SNOWNONOLNY INHOHE3OVdS




18jua) yoleasay sawy

VSV

youeig Abojouyoa)
swalsAs yuabijalul

UOIJELLOINE PAOUBAPE 10} Paqisal SNQ Ul siossaooid souewlopad ybiy
jo uoeiBajul pue UOIEN[EAS IO} S|00) PUB SjuslUOlAUS dojaAa( e

sapesbdn Joj suondo pue asuewlopad uo uoijew.ojul
apinoid o} uoijeinByuod pue syuswald SING Jo seshjeue wiouad e

(papuny}- 1 SYO) siuswalinbay uojjewolny pasueApy
uo doysyiop ploy pue AsAuns sjuswalinbal Jasn wiopad o

HOVOUdddV

SWILSAS HOSSIOOHdILTNN SNOWONOLNY INHOE3DVIS




18jJua) Yoseasay seawy

<m/\2 youeig ABojouyosa]
swalsAg Juabijjeiul

passaippe buiaq jou aie spaau [euoneindwod sisym seae
‘swia)sAs Buissaosold pauue|d J0 Jualnd ‘s8NPayds uoissiw jsuiebe
paueyd spaau [euoljeindwod ‘ejep jo Arewwns yum Loday .

saiuedwoo aoedsoiae sofew pue HSr apnjoul o} siuedionied
spasu
[euoneindwos uo suoissas jeloads yim (Aepy 1o} psinpayos AjaAneusy)
sawly 1e doysyJop\ Siuawalinbay UoleWOoINY PaoUBAPY «

pannbai Jamod preuoneindwod ‘sjurensuod auloqadeds ‘walsAs 10ssao0.id
pauuejdauenind jo sjielap ‘sjuswaiinbai swi)-feas ‘wiojed jeuoneindwod
palioads e 0} pakay saAloalqo yoiym o} saibap ‘uoissiw jo sjeob uonewolne

sladojonap ABojouyos} pue siabeuewysisuue|d uoissiw Jo ABAINS «

8S8Y-+09 (G1¥) siaeq euoln :Joeuo)
AQNLS SINIFNIHIND3YH SO110904H ANV NOILYWNOLNY

SINILSAS HOSS3OO0HdILTNIN SNOWONOLNY INHOE3OVdS




Jajuan yoseasay sawy

youeig ABojouyda}
<m<2 swajsAg juabijaw|

sanss! Alljiqeljes pue Buiuspiey uoneipel ssnosip 0} gl pue

181U} Yum J8aw pue ‘S/0 Xuh yum 98y 2/Sd NGl ue uo sauns
ylewyouaq [esaAas Buisn souewliopad ajenjeas o} sl uejd 06Ad °

gge wouy ajquedwod psemdn A)n}
uoddns Jossaosoudynw

9j0£o )1 aremyos 1a6uo]

lajse} sawn -2

Buiuapiey uoneipel
uondwnsuod Jamod
swaouo0d Ayqelas pue ‘Aienb ‘ysu

Jayuny 1o} Sanssj JDEBJUBA P

Apnj}s Jayuny 10} SBNSSI UO SUOIepUaWLW 08l
apew pue 9g{ josainjes) Aay pazuewwns ggA4 ul Apnis Areujwijald

0€8Y-¥09 (GLy) NI "M A :10BUOD
AQNLS NOSIHVYdINOD 981! ANV 98€ TT3.LNI

SIW31SAS HOSSIDOHILTNN SNOWONOLNY INHOE3DVdS




J8ju8) Yyoleasay sewy

VSVN

yoaueig AbBojouysay
swialsAg Juabijeiu)

SY00UBIN0Q WBISAS painquUiSIp S)BUIWS 0) HJOM

pue Aynuapi ‘saibajens yusalayip Buisn pagqisa) uo indybnosy) pue awy ssuodsal
ainseaw ‘auljaseq YNO/SWQ JO siurelisuod jeuoijelado pue ubisap euila}ap
‘PaQISa) 8IN108)IYDLY PAJUBAPY SBWY UO Soleuads Aousbuiuod YO |19PON

SING 8y} Jo Juswabeuew }ney 1o}
asuodsal yiomjau Ajawiy Buunsse 104 saibajess dojanap ||Im YIOM OBA »

Aouaje| moj
Buuinbai suoyeoldde uonels aoedg poddns ueo (sweysAs Buiqio

paosueApe 10} s|020joid SQSHD puk [090}0.d |013U0D SSBI0R BIPaW |JH)
S|020}0.1d %10M}8U SNOLBA MOY UO 68A 4 UI salpnis paysiignd aaiy | «

2269-v09 (G1¥) uosuyor Loliey 1q :10eW0D
INIFWIOVNVIN L1NV4 HO4 ISNOJSIH MHOMLIN ATTNIL

SIWILSAS HOSS3IOOHdILTINW SNOWONOLNY INHOEIDVdS




18jud7) Yo1easay sawy

VSVN

youeug ABojouyoaj
swa)sAs yuabijjaiul

18EY-¥09 (G1p) UeA Auar g 110BW0D
sainjoajyose Buissasoidiynw payoads-1asn uo Buiuuni sapod
|o|esed sejeaisn)i Ajeoiydeld yoiym (3xy) JusLUOIIAUS Ue padojaasq .

608b-409 (S1p) UuojoD Apuy :oejuo)  JOSsao0idinw e uo Buiuuni sysewyousq | |
epy |9||esed 10} siossao0id Q| 0} dn ul dnpaads Jeaul| pajesjsuows(q e

s1ossadoidiynw pue -iun jo aouewlopad ainseaw 0} S8pod oljoquiAs

pue ouawnu |ajjesed pue Jejeds sapn(oul Jeyl alins yJewyouaq e padojonaq -«
1S8Y-109 (S1Y) ueeD aAeq :10BlU0) 'siabajul iig-g¢ pue onawyue yulod Buieoys Areulq aibuls
G861-¥SZ 333) sawnssy -onawyise xa|dwod pue suoiloun) [eluspuadsuel} sapnjou|

swa)sAs Auew buowe
pauod aq 0} sylewyouaq epy Mojje o} yoedylep epy ue padojaasq -

SHOSS300Hd FONVINHO-4H3d HOIH
40 NOILVHOILNI ANV NOILYNTVAT HO4 STI00L

SIWILSAS HOSS3IOO0HdILTNIW SNOWONOLNY INHOE3IIVIS




wi, Wl INEig

1) <= (3] <> (8):
[v] <~ [g2) :<81> (2):
(oT) <=~ [v2] :<1e> (T):

[vz] <~ (ot} :<zLl> (92):
(8] <= [v1] :<9sv> (52):
(81} <~ [o01) :<Z6> (92):

(€2):

bwm
O
Bw
B
Bwm
Bu
.
:Bm
:bwt




$(1dD Jo RquInN

SNdD Jo BqunN
0Z 81 91 vi 2L 00 8 8 ¥ 2 o 0z 8 9 ¥ U O 8 9 ¥ T O
-.»--»-»--b-r-ro | -To
m_ puoods | I
pucaas z/| -
sndo=syse) g - 00S m. Puods /| .|8m
m_ puodas
w b
b
L 0001 m L 0001
dempiel jujog Supeoqq oN B ﬁ
(TYNIL PIseq-98€) 18S AndwwAg juanbag = $3)Ag gy = 3z7)5 adessA dAL <P E> [
304 >0 JO SYju() JuIIQ JO Lospedwo) '
o054  0ost
ejeq jenoeds SvHI 1801A16S 0110G0i8|8] YDl eyl Joj einjoeNydly
UoIsIeA epy |ejjesed ‘SSYT100LNV W3HSVYN ul |04u0) [elydJeselH jo uojenw3g
uonedyisse|n |y |01Ju0) dnoqoIs|e )

SNOILLVOI'lddV NOILVWOLNV

a|qissod Apuauno si yuswaaoidwi X0l Jayjoue 1o} ANjiqejess
Jesul| 0} 8so[0 S| AousIolyje 8OUBWLIONS e

S11NS3H
SHOSSUHOOUdILTNN NO VAV TATIVIvVd

(spuodIg) auy ) asuodsay




lajuan yoIeasay sawy

<m/\2 youeig Abojouysa)
swdlsAg juabijialul

uonesado pue
uawdojansp wnuwiydo 10} sioje|sued) pue ‘sia|idwod ‘sebenbue .

Ajigelss} u-jing yum
‘swia)sAs Buissasoidiynw jo Juswoebeuew jnej swil-[esy e

Ajjigeded oijoquiAs pue ouswnu pajyesbajul yum Apejnoiued
‘s10SS900.d1}NW PaINqUISIP SWi-|esl Joj 8INJONISEIUl 8IEMYOS

SAONITIVHI ADOTONHOEL 3HNLNS

SIN3L1SAS HOSS300HdILLTNIN SNONWONOLNY INHO830VdS




H31LN3O HOHVIS3IH ATTONYT

10-L0-08-881

(s3si)
ININIHIdX3 HOSSIDOHd SO

527



JON3I0S NOILVYINHOANI NI ADOTONHO3L ANV S3NOINHO3L
SNOILVOINNWINOD ANV W3LSAS Viva @3ONVAQVY ILVNIVAL

MO14

ANVIWINOO / VLVvdad TVNOILO3HIA-18 40 318VdVO IN3WIH3dXd
$03 JNNTOA-VLVYA-MO1 ‘JLYH-VLVA-MOTV SV NOILLONNA

NOILVINHO-4NI 3ON3I0S 318V10313S
dWIL-TVIH 30NA0Hd ANV v.1vad LIN3JIWNHLSNI H3HLO
NO 3AOIN ONIddOHASIAVI FAISNHLNI-NON V NI 31vH3dO

3ON3I0S $03 40 1HOddNS NI V.Lvd HOSN3SILTNIN
JNIL-TVIH ONISN SNOILYHISNOW3A ANV SLN3WIH3IdX3
NOILOVHLX3 NOILVINHOANI @HVO8-NO A3ONVAQVY WHO4H3d

1d3ONOD S3SI 3HL




‘wealls
elep urew ay) Aypow 10 abueyd Jou S80p X0q XoB|q 8y} ‘eAisniiul-ucu Bulag "}lomlau Blep 8y} Uo YOBq UONBWIOjU!
8oua10s a|qejos|as buonpoid pue eiep BuiAdod ‘yiomisu eiep 8y} uo SAOIPSBAES YDIym 821n0Sal [euolieindwod
sjqewwelboud e si Aiyes. ul yng ‘J0osuas ajowai sayioue Isnl aq o) sieadde ,x0q }oB|(Q, 8YL ‘NY1 40 SNQ BIEP YJBId8dRdS
8y} 0] payoelny -.xoq 3oe|q, walsAs uonew.ojul ue 0} pajedipap ‘--'0)d ‘WaisAS UOHBIILNWLIWOD pUB Blep 8y) 0} SS9d0e
‘ybiam ‘1amod--ye10soeds 8y) uo ,8le)Sd |eal, ewos o 10aloid Wby eyl AQ uswiWWOD ay) St 1dadu0d S3S| 8yi 0} Aay
8y] ‘"eaie swalsAs uonew.ojul sy} ul uotnasul Abojouyss) pides o) yoeoidde mau e syuaseidal 1dedouon §38) 8yl



NOILHISNI ADOTONHO31 didvHd HO4
39ald9 Vv 3dIAOHd S3040 S3SlI

SNOILVHLISNOW3Q }

e e———— e}

ONIHLANV .XId4.. O1L 3SOdOHd 1ON S30a S3Si

SINA SIA-Y-SIA S3SI




'swa)shs pue suoissiw ainny Joedwi o} asodosd saop §| ‘walshs by Bunsixs ayy ul Buiyihue
«X1J, 0} 8sodoud jou saop yoeoidde §3g| 8y) “Juswdojaaap o) sease ABojouyds) o-Aed ybiy mau Anuapi (g) pue
‘swaisAs jeuoyesado aininy o} Buipes| suonessuowsp pue sjuswuadxs ajndexa (g) ‘Aiigenss wasAs |[esaao bunoeduw
Al@s1aape Inoyim sanbiuyds) pue saibojouyds) mau Jo uoiuasul sy ssaippe (1) Ajpandaye ued yoeoidde S3sli
8yl ‘pJeog-uo Jo punolb ay} o} A1oauip J8ylid asn JO) UOIOBIIXS UOHBLIIOJUI P/ROG-UO BAIDBIQO S Se sey S3S| 8yl
‘mau 18buoj ou s1 )1 ‘ainjew siab
W 8wy ay) Aq pue lainjew jou s §I esneosq pasn Ajeies st ABojouyos) maN Buissiw si senbiuyoey Jo seibojouyoa) mau
asn 0} siaaulbue Josfoid pue siabeuew weiboid 8dulAL0D 0} ,Buip|INg-8ouBpYL0D, A1BSS88U BY) ‘BoedS Ul sanbiuyos)
pue saibojouyda) [eluajod sjenjeas o) Ayunpoddo sy INOYIIAA "SUOHOUN) [BUOIPPE O UOHEPOWLWOOE Jiwiad 0}
(018 “Jamod ‘lybiam eiep) Aioeded ssaoxa 10) uoisiroid eaey Ajases swaisAs Jybiy eoeds ‘Ajgleunuojun ‘sanbiuyda) pue
saibojouyda} mau Jo uonealdde 8y} S| 4OIUM JO ISBa)| Y} JOU ‘SBIINOS JO AIBUBA B WOJ) 80D UBD ymoib Anjiqeden



SNOILYH3IdO a13id HOd4d 1HOddNS 103did
ONISMOHE HOd4 3IONIIOS HOOT-HIINO

‘013 ‘ALINNLHOddO
40 S13DHVL ‘SINIA3 Ol ISNOJS3IH JANWIL-TVIH

NOILOVHLX3
NOILVINHO4NI/NOISNd HOSN3IS IN3IWNAHLSNI-ILTNN

(QV3HV Y001 “9'3) IONVINHO4HId LNIWNHLSNI A3ZINILJO
S3I0HNOS3IH AHVOd-NO 40 NOILVZIlILn H31138

SNOILVYDI1ddV S3SI 31dINVX3 JNOS




"suoljesado SwasAs jO seale Juepodw! [BJBASS Ul SUOHBSUOWSP
pue sjuswuadxa uonoeIIXS UoNBWIO)UI WIoKad UeD }daouod §34| ay) Buisn 82inosal jeuoneindwod pseoq-uo uy



"SH3ISN

ANV SISIIN3IOS @3zITVH3INTD 3HOW HO4 S1d30N0OD
Q3ONVAQV 1n18 ‘S3ON3I0S AHV13INVId ANV HLHV3
AINO 1ON S1HOddnNS s3s) NOILVIS 3HOO 3HLHO4 o

"S3ON3IDS

H1HV3 HO4 NOILOVH1 X3 NOILVINHOANI ‘SWIL-Tv3YH
adv04d-NO S319VYN3 s3S| WHOJLVId HV10d 3HLHO4 o

SNOILVOI1ddV S3s|




‘ABojouyos} swajsAs pue aoualos

uoneuw.ojul padueape Aidde o} Ayunuoddo Bunssuibus pue 8ouaids padods-peociq siow YONW B sjuesaidal puey Jeyio

8y} uo uonelg 8109 8y "saAld8lqo 8say) uoddns pjnom wioye|d Jejod 8yl uo S3G| ‘seduadds ededs pue yue3 poddns

01 pauueld AjaAisnjoxa ISOW(E S| WIoje|d JB[0d 8} SEAIBUM "UOHEIS 8100 8y} JO WIoje|d Jejod 8yl Jeyne o} paidepe
8q Aipeas ued §3G| 40) padojanap esempiey ey ‘sideduod SNQ Pue aJempiey JO A}BUOWILLIOD ay) jo asnedag




& v
I A31SASENS L K3154S8NS ¥1SNI
ot ¥oN3 - BON3 th:. w~«m_:
seee Xy E — — — 1] — S¢9
MHOAMIIN SNOILYIINNWN0D Gt INFINIDUYNYIV vivd
SNIS ONBYD a“..umnu.w.;
ITYKDIIY Y340 Y
SONVYS
JltHM
XHOAU IN SNOLLYIINNKIWOD CNY 1NINIOTRVIY ViVO
[ 14 ~
oo | || sasvevave SH3IN3D 540 $40 OAISS320b4
m>;u< vivo NCISSin Emz_ ICNGILYH 340

_

|

~
Sk ww:}_ : _ mcuw:[_

Sm: _—.:Mﬂ%._ ___ ._wm: _a_ Sm:q _.r__ 53\_ _.__ €250 _

NOISN3WIQ TvI110Vyd

1d3IN0J SW31SAS Vivad so3 IN3¥3NI Vv




T 31545808
¥ON)I

| W31SASEnS
[BLE)

i

wa3sAs
340)

S$3S1

_ HASNI _

YASNI
IIVE-IH

_

L1

|

$49

X¥HOML 3N SNOLLYIINNIWNDD ONV ININIDVYNVYIN viv0

*uro?)
49507
§3S1

SOnVS
JLtHM

SNIS ONY9D
IVNO1LvEI40

XHOMI3IN SNOILVIINARINOD ONV IN3I3DOVYNYIW vivD
L 11
Sy L 1l sasve vavo S¥31NI) 540 $40 D11S$320ud
w>_»u< vivo NOISSIw BiSNI Ien0iivEIdD

E Swm:u E m.;ﬁ; m_ mxwgq_.:

11 _ _
mcmm:J __[SS_ Ew.

1SvICvCHE
135¢10

11
—.: «wmbu_ H__ ¢wm:-_

NOISN3IWIQ TvI11dVvYd

WILSAS IN3IWIY¥3IdX3 S3IIN3IIIS NOILVidd04NI




‘lUBLLIUOIAUB BJEP SO 8U) Ol Il PINOM S3S| 8Yl MOY ‘WO DBWAYDS Ul “Sajensn||l Weyd Siyl




ANAIOSIa ILINN
INIWNHLSNI LN
3WIL V3

ONISS300Hd
IN3INWIH3dX3

v 1

WNOD
H3ISV1

i o

-

sS3sng
OGNV
'SHHOML3N

ONISS300Hd
HvVS

llllllllllllllllllllllllllllllll

ONISS3004d
ISNIW1VY

ONISS300Hd
SIGON

ONISS3004d
SIHIH

)



"G3S| 40) yoeosdde ,paAjOAUI INQ BAISTUIUI-UOU, BY} SBIBASN|| SIYL

"uoiyse} euij-uy, Aue ul Bjep juawnsul AJIpoL Jou Sa0P pue sisixa Apealje JaAsieym saidod pue sidadoe ‘1aAsmoy ‘S3S|

"§$800.4d 0} Buijim a1e siojebusanu| [ediouud 8Y) |8A8] 18A31BUM JB UOIBLLIOJUI JO BIBP 8ZI|I)N ued S3S| 18 ‘Buissadoid
pieoq-uo ‘bunipas eiep 10j Buissaooid Juslinisui-o}-jeusaiul, wiopad 0} saAneniul yim ajqiedwod s S35 8yl




S3HNIO3LIHOHY
AGNV 3HVMI40S ‘IHYMAHVH ALNIOV4H S3SI dHL S3aNId3a -

SW3LSAS LHOIT4 O1 SINIWIHIAXT IONIIOS JH1 Sidvay -

«X08 X0V1a., 3HL
SH3AIN3A ANV SAdO13A3A ‘SANIHIA WV3IL ADOTONHO3L3IHL ©

ALITOVL TVYNOILVINGINOD J10W3Y JOVdS-NI NV HOA
SNOILVHISNOWIQ ANV SINIWIHIIXT AJILN3AI OHM S1SIIN3IDS
NOILVIWHO4NI 40 dN 3avIN dNOYD S3IONIIHS NOILVWHOININY -

NOILOVHIX3
NOLLVWHOJNI 3WIL-TV3H L1I8HO-NO ONIHIND3Y SNOILVH1SNOW3A

ONV SINIWIHIdX3 IHL AJIINIA] OHM SH3SN SNOILYOIddY
ONV SH3IHOHV3S3H 40 dN 3av dnogo S3ONIIOS HIHVI NV -

SIN3INIH3IdX3 aHVO8-NO IHL SINIH3a WV3L 30N31DS3HL ©

TVOINHO3L NV JI41IN3IDS

WV31 ADOTONHOIL FHL ANV WVIL 3ONJIOS JH1




‘Buiddospsanes elep 40} sjulod ssadoe ay) Ajiuspt o) pue SNG pieoq-uo

UONE]S 8107 PUB WIOJIBl4 JB|0Od 8Ul Yl0q 8ieaulap O] palels OS|e a1am saipnig "sdnoib-qns 8ousidg uojew.oju| pue

82Ud10S YUE yim pajeniul Sem Juawdojaasp Wea| aduaing 8snoy-ul ue pua Jeyj 0] ‘uoielS 810D pue wiojie|d Jejod

8y} uo 8o} pjnom ,x0Qq oe|(q, S3S| 8yl leyl sensst aoepajul Jolew sy buissasse (g) pue ‘S3g| 40y suoiedydde adusids
8y} Jo adoas ay) buiuiwiaiep (1) :sanssi Jolew om) uo passndo; ysel siyy Japun papoddns siom y eseyd-asd syl




NOLLV13HdH3ILNI V1V SICOW S3H14 1S3H04 ONI000S

m>om.%= Ol viva 10SOH3IV GNV 3NOZO 3SN 'SHNOH ONIAHA dOHD “O'3 ‘SINIAZ IN3ISNVHL O
0’3 -ALIVND 03ONVHN3 HO4 V1va ONINIBWOD © ‘513 ‘NOLLATIOd 'FONISINIS
’ “D'3 'ANIW3DVNVIN dOHD ©
3SION /9IS H3 1138 HO4 H3IMOd NOLLYOIBHI "3 N3 —
dN “9'3 'ALITVYND 03AOHLWI HO4 ViVA SHINDIY O NOILV13D3IA
SON0J H3A0 H3SV) '013 ‘4340NNY LN3INIA3S ‘STIdS 0
430 NHNL “D'3 'viva 3HINDOV OL LON NOISID3a © ‘ONIdWNG NV3D0 “D'3 ‘1HOdSNYHL 3NIHVIS3 ©
SIWOO18 3VDIVY ©
AQNUS 30IX0 NIOOHLIN HO4 SINIHLS
ONINLHOIT 40 35N “D'3 'viva 3HINDIY OL NOISID3g O INOZ VIS0

3ON310S INIWNHISNI

S3IHVONNOB Nv300 ©

. Viva TTAHdOHOIHD - ©
013 'NOULVIHOJSNYHL

‘ONIN3AOW TvIIDOI0H3L 3N HO4 AHOLNIANI GNOTD © SNV300
. AHIN3-3H 31LINHS HO4 ANV1HOdII . 513 'NOLLATIOd
-SANO0ID SNBHID ANV SNEHID HOH “LN3DONILOON IVIHISNGNI ‘02 INOZO “O'3 'S3SVO

IH3HdSOWLY ©
WHOLS 40 HILNID SAVMTY OINVOI0A NVHL H3H10 S1H31WV D
10N 3A3 3NVOIHHNH 'SQ1314 ONIM WHOLS 3DHY1 © XN14LN0 20D
ONV DNINHVM DIH3HISOLlVHIS
ADOI0H031IN “9'3 'SH3DDIYL AIN3A3 4O NOILD313Q ©
SWHOLS NIOLLVH NIVH/MONS © S3ION3I0S DIH3HJSONLY
SV3HVY HV10d 40
SI300N IvIIDOIOH313W HO4 OlLYH SaV31/3)1 © S$S300V 3DVYINVA /1DVdINl QidvE  ©
AHVYONNO8 3D1/V3S © NOLLDILIA ONINHVM ANEva ©

AD01039

1V1Sv3S ANV 301 "MON

6861 -1 AVIN
VA OHNESNVITIIM
dOHSHHOM S3ON3TIDS HIHV3
S3SIINOHd SA33N V1Iva IWIL-1VIH JNOS

. +

. .



"suoleslidde ayj JO JUBLUSSESSE PUB UOHIUYBP Pa|ielap Ul PE3| 8y} SB (|dm Sk wea] ABojouyoa) ay) 0}
uonezieniul syl sewooeq usay) ‘sbuipesdcoid sduaisjuon) e se paysiqnd Bulaq Ajjuannd ‘doysxiom siy 40 indino ayt
"PayIludpl 818M SBDIAIBS 18SN-0}-10311P, PUB UOIIOBIIXS UONBLWIOjUI BlWI}-[eal-1eau,
1oy suoneoydde jo isi| e pue ,aoeds-ayj-ueds, 0} UBSOYD 81am sease auldiosip 8ouaios Jolew |BJBABS ‘6861 ‘v-1 Aepy uo
‘einbanp ‘bingswenip ui doysxiop 8ousids yue3 ue yum ‘uebaq siuswalinbal aousiog 1no Buiaup jo ssadcoud ay)




'SA33N V1vVa IWIL-1V3H FAILYOOAOHd FHOW NIAT Q13IA 1TTIM S1H0443
13NVd TVNOILIAAVY LYHL 1S3DDNS SIHL "SLSIHIINI ANV S3ON3IH3dX3
SLSLIN3IOS TVNAIAIGNI HL A9 LYHM3IWOS a3 LINIT N334 3AVH OL W33S
SH3IEW3W T13INVd SNOIYVA 3HL A8 AIHSITEVLST SAIIN VLVA JWIL-TV3IH JHL

"‘SINJWNHLSNI H3IHLO 1HOddNS
ANV HLIM LOVHIINI NVO LI MOH GNV S31LITIVdVD S1i (ONVLSH3IANN 431139
Ol INJWNHL1SNI HOV3 40 3aVIN SISATYNY HONOHOHL V 39 Q7NOHS FHIHL

"MHOMLIN V3HV TvO013HL 1SN LON ANV SLNdLNO
INJWNYLSNI 3HL OL SS300V 103HIQ WOHL S1I43IN3g 3AIAOHd NV S3SI

"'V3IHV ANV 13S V1va Q3.101H1S3H ¥ HIAO 3NOQ 39 O1 @33N ATINO LNA JAISNILNI 39
AV SNOILVINGIWOD aHvO8-NO IHL SINIWIHIIXT Q1314 HOS 1HOddNS ONIHNa

'AT13NILNOY G3LLIWSNYHL 38 0L @33N 1ON 0a LN SNOILYHIHO
3WIL-TV3H HOJ INVIHOdII AH3A 3HY STINNVHI ONIOVII NOILNTOS3H HOIH

'V1va XOO0T-X2IND DNIAGNTONI ‘v.iva 3LT131VS IWIL-TvaY WOHA 1143N38 ATTVHIN3D
NVO SWV3IL ONITdWVS a1314 DNIAOTdWT SNOILYHIJO ONISN3S 310W3H

dOHSMHOM S3ION3IIOS HIHV3I
S3SI3HL NOHd SNOILVAHISHO 1VH3INID SN0S




"UOI}OBIIXS UONBWIO)Ul PIBOQ-UO JO 801 8y} Buiuiaouoo doysxyiom ay) woly suolleA1asqo [eiausb awos ase ssay paishy




NOILVLS JHOD HO dOd H3HLIF NO 31vH3dO

NOILVOINNIWINOD HISVYT
d3SN-0L-103HIA ANV @33dS-HOIH HLOE FLVHISNOWIA

SWHLIHODTV TVLNINdO013AIA
ANV TVLIN3WIHIdX3 40 IDNVH 3aIM V 31nD23X3

S3IO0TONHO3L ANV SINDINHO3AL AFONVAQY LHOddNS

ALITIOVd LSOH S3STIFHL




"$13SN YlIM uOlB|d.I8}UI PUB BOBUBIUL S} pUB

SING @yl Jo Anjeal syl ‘s|qissod se yonw se ‘Anuenb o) sem saipnis ayl o esodind 8y "SUBWIUOIIAUS pPUE S8deLBlul

ajqejieAe yim ajqnedwod aq isnw jey) azempiey ,axi-peojled, jo 8osid B S| S3S| 8yl yons sy "Suolensuowsp

pue sjuawuadxa 8dudids ayj 0} ,ISOY, B SB Si SIS JO uoisudWIp sUQ 'S82INOS Blep jusuadxa pue SWQA ayl yloq o}
UONBIS 31070 PUB WIOjIB|d JB|0d 8Y} UO UOHIUYap adeualul Sem YSB] SIyl Japun pauoddns juswa|s Jofew puodas ayy




saoepal]
SUOIEDIUNWWOY :
punoi9/ededs  :

3un jun
Jase) Josen
eles-ybiy 8lel-mo7

821188 m

Kianjag "

pUBWIWOY
Kema|qe) Il TVETS
ulod "wwo)
-01-lul0d4 1:3]-Tq
ajes-ybiy 8les-moT

A3

' ¢ abexyord »wom
wayshs Aq pauyaseg lon - Xk

uonels wayshs BupioBIL

punois) suolediunwuiod pue

teando Pueq-x SUO|IEI|UNWLLOD

agl JYH Jed
Jad
2 oMﬁi 2L sdanso sdan
061-0S 051-0S
OuH Jod
sdan 05 1-0S
(d-s3s1) awnnsuj
CLIEIRTS

wiojiejd-walsAg juswuiadx3
$32Ud13G uoljewou}

A
sdaN 60 sdans 0 sday 50
uonedlddy S99JAL9S
juswabeuepy SWa
unopeld

sdaw 60

S30V4H3LNI SNOILVOINNWINOD Viva
ddvOo4g-NO 1VILN31O0d




: - ebeyoed WOM wopeei4 uoyels ededs Aq

pauljeseq uaaq Jou eABY SWe|SAS SUOHEIUNWWOD [edildo pue ‘SuoHEedUNWWOD pueq-X ‘(SOHH) SAemeiqed ejes-ybiy
peojked-ielul eyl Sejeaipul eyd siy)  ‘wejsks suonedunwwod Jese| jejuswusdxe S3S| 6yl lA suolels punosb jeaydo
810U JO BUO Y)IM SBIBLBJUI 1D8JIp SeY Os|e S3S| "8iel uoissiwsues) pelinbes ey} epiaoid 0) uoneusep pue ednos
uealb B usemieq pejjeisu) q ued sAkemejqed eidynw ‘Aiessedeu §) ‘sAeme|qed ando seqy ujod-ol-juiod pejedipep buisn
peAeiyoe 8.8 suoleduNWWod ees-ybiy ‘(Nv1) WomieN eely [e20 (SNQ) weisAs uewebeueyy eleq eyl Aq pepiaoid
8.8 S8JjAIOS SUOHEIIUNWLWOD Bjes-m0T Seul| pioq Aq peieaipu; seiiqeded (sdqyy 6'0<) eles-ybiy pue seuy moueu Aq
peleojpuj seniqeded (sdqy 605) elel-moj yim ‘S3S| Hoddns 0} ejqejiEAR SHUIj SUONEIUNWWOD [Eruselod pue peuueld
ey} ewos ejelsny beyd Buisoddo ey “suolyeunsep pue seainos punosB pue pieoq-uo Jeylo pue S3S| ueemieq
selqeded suoiedunwwod ejel-ybiy pue ejes-mo| yioq exnnbes jm Ajjoey S3S) eyl oy peuueld sjuewuedxe eyj

SALNEVdVYI SNOILVIINNWWOD VYiva aHvOd-NO




OtH  me—
NOILVIINNIWINOD S3S1-1d ===

s3SI OHH Ppaiedlpag
. : ; (sjax)oed)
4
. (ssweasyy) N 1| saweJsqy) speojfeq
w ajey eieq ybiy
5
180 :
BIA
ONIGHOO3Y
HO/ONY
NOISSINSNYHL | m.
‘ | m speojfed
, (s19%0ed) m aley BlEQ WNIPS
22 ox NISHD
(s1e)oed) BJEH eleqg Mo
uoijediunwuon eije(q S3S| 0] peojAed
* + . . »



"ejep aies ybiy buiweysp Jo S3S| 8A8IB1 pjnom siy|

‘speojAed ajes ybiy ay) woiy S3S| 0} Yied pajedipap B asn 0} 8q pinom yoeoidde siy)
0} aAjeusd)e Uy “ubisap walsAs sy ul swyuobje Buiwesyap sjesodiooul 0} §3G|

Joj Aiessaoau aq |im 1 Aems|qen siey YbiH aul woyj uae) si ejep peojhed ajes ybiy Ji
"810J2J0Y) Juawnilsul ay) uiyiim aoe|d saxej ejep peojded sjes ybiy jo buiwes
"J0jB18Uab awely Jajsuel) ay) Buuaiua o} soud SHH 88Ul WOl paAsLal 8q ued

BlEp 8)E) WNIpaw pue ‘N SIWQ 8} Wwoiy usye) aq ued elep speojfed ajel ejep

mo| 3y} Jo4 ‘elep peojhed £doo pjnod s3g| a19ym syuiod [BIBABS BB a8y

UONeoIuUNIWo,) Bjeq S39) 0] PEOjAEd




juswuonAud SNQ Jepun Buiuuni Jou asoyy

Aljeioadsa ‘speojfed Jaylo pue S3S| UO S8SS820Jd UBBMIAQ SUOHEBOIUNWIWOYD « »
wajsAs suonedsiunNWwuod Jase| elA elep jo Bupjuiidn .
suonoauuod JHYH peojfed-s3g) jo ANjIqISED o .

10eduwy
Aew swsjueyosw juawadiojud pue sajojjod juawabeuew suojjesado

S1%D 0} ejep yujjumop peojled ajel
-yfjy pue wnipaw jodsuesy o3 Ajuo pasn sOHH 1eY) S§ Aojjod jusning

‘swajshs pue speojfed 13ylo pue S§3G| usamlaq SUO|}D3UUOID
Aemajqes ajes-yby ajdpinw ajejyssasau ||im apou Jad jwy sdqw S0

sjdoouon walsAg ejeq wiojield Yim
sulaouo) S3s| |enuajod



"S3S| unym 10ssado0id

pazifenads e uo uru Jybiw se yons ‘Juawuonaud SKQA eyl sepun Buiuury jou sessed0ld usam)aq SUOHBIIUNLILWIOD
Buniwiad jo pue ‘wajss suoledILNWWOD JBse] SIS} 8yl BIA Blep Jo Bunjuydn panp Bumiuied jo Anqises) paaiadiad
8y} ajje osfe Aew suoiesado pJeoq-uo J3A0 |0JJU0I UlejuBW O} paau ey) 'Apewis 'SOHH eiA “6°e ‘speojhed uaamiaq
suonoauuod Paap buniiued jo Anpqesnsap/Allqises) paaiediad eyl 1osye Aew suolesedo preoq-uo JBAO |04u0d
uiejurew o) weibosg s03 8y} 10 pasu eyl 1yl S uIBdUOD PUOIAS BY| "Pauleseq Jou si Ajjueund Aipqeded siyl Inq
‘speojhed Jayio yim ejep ejes-ybiy ebueyoxa 03 Anjiqeded eyl esnbal jim S35 JBY) S) WBdUDD Jsiy ey sjuswesnbal
uuojield uonels eoedg Jo/pue }dasuod S3S) eyl esusnjjul Aew jeyl Pajou ese SuIdU00 [eiuelod [eisAes ‘wa)sAs ejep
wiojied ey) ybnouy) ejqejieAe suoyepowwodoe 8y} pue S35t AqQ pavoddns eq o) siusiwusdxe jo sadA ey) uodn paseg

S1d3ONOD W3ILSAS ViVAa WHOLIVId HLIIM
SNH3IONOD S3SI TVILNILOd




NOLLVLS 30VdS AHVNOILNTOA3 HO4 S1d3ONOD
40 SNOILVHISNOW3A ANV SLNIWIHIdX3 SLHOddNS S3SI

NOILATOAI NOILV1S FOVdS
STVOD HBY

STVOO ADOTONHO3L
STVO09D 30N3I0S

S 3402
S 34090
H 30090
33d02

HO31 SW31SAS v1va G3ONVAQV
NOLLYINOLNY G3ONVAQY
NOILV1S 30VdS G3IN3WNHLISNI
Viva avoilAvd Q3HOVLLY

SNOILVOITddV HOHVY3IS3H ANV 3ON310S HIAVOHd SLHOddNS
1nd ‘NOISHIA dOd OL NOIHSYH HYTIWIS V NI SNOILONNA SIS

"'SLNIVHLSNOOD 1HOIT4 SNA 3HOD A9 A3H3IGWNIONINN
ALITIOVL DNILNdWOD ILOW3H V SI ALITVY3H NI 1NQG ‘AVO1AVd
03HOVLLV NV SV SINd NOILY LS 30VdS IHL OL SHVY3ddV S3S|

‘NOILVINHO4NI S30NA0OHd ANV V.LVa NO SdOHAS3IAVI LI
"1HOd NOILV.LS YHOM SINA ¥ HONOHHL S3LVvH3dO S3Si

AN3W3713 NOILVLS JHOD
W3L1SAS INJWIHIAX3 STONIIOS NOILVINHOANI




-0} ‘suonejuawajdwi Jau [eansy ‘s1ojonpuodsadns ainjesadwsl yby ‘s1eindwod jeondo :suondo

aIempIey SNOUBA JO uoienieAs ay) syiwiad boddns jneuonse Jo AlI|IQe|lBAB 8Y) ‘13ACBIOW JUBLUUOIIAUS JUBASJBI

ay} ul senbiuyda) bunadwoo jo uoneneas ‘|ajjesed ‘awi-eas 4o} Ajunuoddo 8y si8jj0 swajsAsqns woyy ejep

uo Buiddoipsaaea 821nosal jeuoneINdWwOod PIEOG-UO UY "UOHEIS 80edS 8y} JO UOIN|OAS pue Wby ‘awdoiaaep

By} Ul UONUBHE BAISD3] [|IM Jey) Seale may B isnl 8Je swalsAs [0JJU0D [ewsay) pue ‘solloqos pue uoljewoine

‘s10ju02 ‘BuusauiBua [einjonuls Ul ydseasay uonebiisaaut Jo 108lqQns e Jasy os[e si Inq (8dousks jeaibojoiq

‘a0ua10s Sjeuslew ‘soisAydosse ‘eouas yue3) speojhed jo Alauea e sisoy Ajuo jou uonels aoedg ayl ‘"yoseasal
ABojouyoa) pasueApe 10 8duaios Jo abuel Japeoiq e o} paidde aq ued }daduod S3S| 8yl UONEIS 810D 8y} 104




SAvOIAvd
H3HIO

SW3LSAS
3400

SAVM3INBYD
31VH-HOH

ALINOVS
4NVIVa

H3IN3D
NOILVHOILNI
SJO QvOAvd

W31SAS
ONIMOVHL ONV
SNOILLVOINNWNOD

A S

S3DIAH3S
QUVANVLS SNQ

38vML40S

SNOILVYOINddV

W31SAS IN3WIHIJIX3
S3ON3IDS NOILLYNHOINI

e SR

SMO1T4 V1Vvd TVNOILLYH3dO W-S3SI

H3IN3D
SNOILVYH3dO $3SI

sH3SN

SH3BN3N
M3HI

A31LVI0ddOINI




"$18SN §JS| WOJ} Pue O] MOjj PjNoMm
elep yulidn pue yuljumop S3S| yoiym Aq syied asinaid ay) ase se ‘pauyap 8q o) 184 ase walshs poddns puno.b
S3SI 8yl jo sjuawa|d 18yl "SuoNesjsuowap pue sjuawnadxa uoynjoad walsAs 8102 boddns o) 131UBY) |041U0)
voneig soedg ayl yum 1sixa jybiw asepajut 1081p e ybnoyle (D104) 181ua) vonesbaju) suonesad peojhed
ayi ybnousy) paieup1ood aq pinom Ay isow suonesado y-S3S|  sisiBojouyoa) pue ssojebiysaaur ‘siaauibua
Aq asn Joj Anpoey ayl Buibeuew pue Buwiejuiew 10; aiqisuodsal aq pjNom yaiym ‘18}udd |0J}u0I paseq-punosb
e woi pabeuew aq pinom Aiqeqoid s351 ‘waisAs poddns punosb sit pue W-g3St Buipnput ‘sjuawad anbiun-py
-S3SI pue ‘(SOAD) waisAg suoiesad( pue eleg J3WOISN) ‘HiomiaN 8deds ‘S1%3D ‘SWO 'SWQA aui Aq papiaoud
$801n8s A1dawa|3) pue puewwod pua-ol-puad (S1SS) waisAs uoewsojul uolelS adeds asn pinom W-S3S|

d3LVIOddOOINI

o
SMO14 viva TVNOILVH3dO W-S3SH




43080034
30z

(sdaw 00¢)

< ANIINMOG

(sdawse)
—_——
M¥NIIdN

XN
3NvH4d
3ivd
HOH

b

HOS
-§300Hd
TVNOIS
aNva
-3sva

SOHH TvNH31X3 02
SO”HH BvISN ce

(L89) M¥OVHL B WWOD V110043500

W3L1SAS Vivad NOILVLS 30VdS

Aemaiqe)n
ales-yby
13Nvd [ ——1/sda 05}-05
HOLvd VAW
vl sdan 01 .. HOSS320Ud |
HOH p— [
— wwm_ , IN3WIH3dX3 .
8N 052 NIN] N9 | N 19
> sdan 0t | now
NV sdaw 04 | (gcssi)kdan b
War MO
~ (v'208) pdan Ot
)(\ -’
NV sdan 01 I._
SNBWNI0D MO
~ SdEN 1>
Wan LN3IWIHIX3
Vd
sdaw 01 NIN Sdan 1>
da3
0% sdqn 01 405 IN3NIH3dX3
340D (sdaw 001) sng
sdan ot NIN NV11004 VD01
QvOlAvVd £551 40 208
|
SW31SASBNS— d4as SdB8N 01>
3950148 5daiy 0t AIN3NWIH3dX3
(sdaw 001) A g
INFNIH3IdX3
(SNQ) WILSAS IN3W3IOVYNVIN Vivd
a31YHOJHOONI



‘papoddns aq lou Aew Ajuasedde ejep Bojeue 0) $Sa00y “sjuawalinbal oi10ads
-awuadxa uodn puadap |m sanoeded suoneduNWWOD 8yl jo Aoenbape ayl ybnoyje ‘sadinas pajeidosse
pue ejep |enbip jo sadcinos paiinbas e 0} SS8238 8ARY PINOYS S3SI ‘NV1 1Q04 pue jaued yojed ajes-ybiy
ayl o} S3S| bundauuod Ag “1aued yojed e BIA P31DBULOIBIUI BIE YIIUM (Kkemajqed sed sdqyy 0G 1-05) sAemaiqed
ajes-ybiy Aq pavoddns ase suoneswnwwod ajes-ybiy (Nv1) WomlaN ealy [B207 1G04 8yl pue sasnq
|820] 208 SWQA 3l Aq papirosd ase suoiedunwwod (sdaw 01>) ales-wnipay 'snNq |B20] €651 3331 SWA
e Aq papinoid ase Sa21nas suonediunwwod (sdayy 1>) 8ies-mol "W-S3Si poddns 0} 8jqejieAe sadepalul ejep
pue s)uij suoleaunwwod ejep jeibip pieoq-uo jeyualod pue pauueld ayl Jo 8wos sajelsn|! abed 6uoej ayy

G3LVIOddOINI
WILSAS Vivad NOILVLS 3JVdS




pauueld sOHH 2 Aluo ing *aduud ui @jqQiIssod ,

I

<4—— 13NVd N .
HOLYd \ Aemajqed ajes-ybiH
31vH /sdan 054-05
H3qUOo3H P o anose amo HOSS3ID0Hd
302 _
XN : OvdW NS mww_ IN3NIY3dX3
Invyd ™ SAQN 01 3 NiN ] AR ]
(W 0S) 31vy NV MO Y
<4 SNANmoa | HOH W3r sdaw oi] sdaw 1
-~
'
NV
SNEWNI02D MO
~ (Awoeded
9 aleba,66e 100) Wan SAEN 1>
mQD—z 001 Pzwz_cwmv.w
d
( HOS | sdaw o1 NIN
x-_‘)".m.m,: | -S300Hd sdan o1 1298
IWNOIS
anva
-3sva sng
o0
£561
(sdaw 004)
NV1 QVO1AVd/AHOD 40S Sdan 04>
Eday 01 1IN3NIH3dX3
\1‘
(18D) MOvVHL ® WWNOD INIWIH3IdX3
(SWA) WILSAS INIWIOVNVN Viva
031VHOdHOODNI

(03SVHJ3H) WILSAS Vivd NOILVLS 30VdS ;m,NNQ

o -

kof > - 5



'S3St woddns o} jjasit AQ ajenbape Jou st it Inq “eipaw om] Jayio ay) wawbne pinod snq [e20] €SS
ay) eyt ajqissod st )] "DYH Jad sdaiN 061-0G 18 (SOHH) sAemaiqed aies-ybiy e ‘un edepaiul pomian e ybnosyl
sdqiy 01 18 %0miau |Qa4 8yl el elep walsks 3100 pue peojfed ssadoe (S PIN0d S3S) ‘18asmoy ‘sabueyd asayl
andsag "snq |e20] €6G 4 INpamod ssa| Ing 1ajdwns ay) §0 J0AB) Ul paleulLId 3Q O} Si SNQ (BJ0] 208 8yl ‘uolippe
u} ‘swaisAs 2100 pue speojhed uaam|aq paseys aq o} ‘Nv110a4 aibuis e Ajuo apiroid YSYN 1Byl pspuswwodal
usaq sey )} ‘'speojhed pue swaisAs 2103 10} yoE3 BU0 SNV 1004 aiesedss om} Bupiaosd ueyl sayiey -ejep
JO SUOIBUNSEP pUB S8JINOS PJE0q-UO 13410 0} SS3dde yim S3S| Buipinoid o) 19adsas yim Buidoosap/Buiseydas
wopaal4 uonels aledg ayl jo spedwt jyueoyiubis jsow ay) jo swos sajensn) abed buioey ayy

G3LVIOdYOINI

(Q3SVHJ3H) W31SAS viva NOILVLS 30VdS




‘SNOILVOI'lddV LHOI'Td dDVdS

OLNI SHIDOTONHOA.L WHLSAS NOLLVINYOANI A4ONVAQYV 40O

NOILIHSNI dIdVY JOd LdIONOD SASI HH.L 40 ALI'TIIVIA FHL
JHNAEIANOD JAVH SHIANLS INFJIND FHL 40 SLINSTY HHL @

"A'LLYOHS dd.L9TdNOD 49 TTIM ‘NOLLVOIALLNAdI

LNHIHHdXd NOLLV.LS 900 NO ¥HH.LO FHL ANV

ONVHOXH NOLLVINYOANI INFWNYLSNI-O.L-LNIWNJLSNI
HONHIOS SOd NO ANO ‘SHIANLS TYNOILIAAV OML e

‘NOILLVLS

400 ANV WIOALV1d ¥V10d dHL A9 Y04 AL TdINOD
NHHE HAVH SHIANLS NOLLVAOWINODDV HOVAYALNI ®

"SHLLIAILOV NOILINAAd ¥9H.LIN FZI'TVLLINI
TIIM LVHL dINI13A N3d9 dAVH SVAIV LNINTYAdXH
440AVd HOIH 40 L3S V ‘WYOALVTd ¥V10d dHL 404 ®

"(S4SD
INHLSAS LNGINITIddXH SHONAIOS NOLLVINYOANI dH.L 404 |
J4LHTdNOD N9 HAVH SHIANLS V ASVHJ-H4d TVYIAdS @

NOISNIONOD



H39W3WN WYL TVOINHOIL ISH-OSSAN AVEAN DN

H3IGW3IN WYL TVYIINHOIL OSH-OSSAN - OH AVH
av31 TVOINHO31 OSH-OSSAN - SNIT10H NHOP
HIANIONI LO3rodd OSH-OSSAN - SNIX33N 13N
av3al TVOINHO31l JOSH-VYSVN = NMOHSE vHvaHdvd

‘\vil 103rodd

OSH-VSVN ‘SVIS 3AVA ‘HIDVNVIN ISVL
066} ‘8 AHYNHA3S

ISH - '00 SWALSAS 3JVdS SVT1ONO0A TIINNOAON
AHOLVHO8VY1 I'V OS] ‘VSVYN

(DSX) H3LIN3D mo<nm AQ3INN3IX "4 NHOP
(3Lv)) HI3INIDNT 1S31 SNOWONOLNY AISVE-IDATTMON IFHL

(SNOILLYH3dO HONNV1 ATHIWHOAL)
TOHLNOD SNONONOLNY

565



JHNLOILIHOHY H3LNdNOD
JVYNOILNIANOD V NO G3LNIWITdWI SWILSAS TV 1S31 OL 433N

INIWNOHIANI 98€08 V NI SWALSAS ‘I'V INIJWITdWI OL IDOVNONVI
ONINNVHOO0Hd VAV 40 3SN 3H1 40 NOLLYNTVAI HO4 A33N

- SI3LSAS T'VY HO4 3T0IH3A
AH3AINAA V SY HOSSIO0Hd 98€08 T3LNI 40 NOLLYNTVAI HOH 33N

(SNOILLNT0S “I'V AT1IVIIdIDAdS) SWALSAS FHYMLHO0S
auvosg-NO SNOWONOLNY HO4 33N WOAa33d4 NOILYLS 30VdS

NOILVAILOW 103rOHd




(4340 1dX3
I"L) INIHOVIN dSIT SINIWNHLSNI SYX3L V OL INIHOVIN dSIT
SOITOEGNAS V¥ WOHH 31V ONILHOd ATLNIHHND SI ISH-ONIJOH/VSVN

OSH 1V ONIF08/VSVN A8 INOQ ONI38 LINJWdOTIA3A ILYXM LNIHHND

HOVYOHddV ONINOSV3H ad3Sva-13dOW V ONISN S3JIA3A TVOINVHOIN
-OH10373 TOHLNOD ANV ‘ISONOVIA ‘HOLINOW OL1 a3sn SI ALV

S3HNLV3d TOHLNOD SIANTONI LVHL S37 40 NOISNVAX3 NV SI 31vM -
OSH-VSVN/"ONI ‘FHLIN A8 G3d0T3A3A ATIVNIDIHO S31 -

W31SAS 1H3dX3 NIOAXO aIinNdI1 -~ S371 NO a3svd -

AHOLSIH 3LV

AHOLSIH 103r04Hd



HOSSIO0Hd 98€08 TVNOILNIANOD V NO VAV NI W3LSAS
FHVYMLI0S I'V NV 40 LINIWJOT3A3A FHL OLNI LHOISNI 3AIAOHd

SWILSAS I'V HO4 WHO41V1d JNLL-NNY
V SV HOSS3ID0Hd JIMTOBWAS 3S0dHNd-1VIO3dS V Ol HOSS300Hd
98£08 TVNOILNIANOD 3H1 40 IONVINHOH3d JH1L 3HVAINOD

vayv NI d3d013A3d NOISH3A V O1 dSI1
NI @3d013A3A 31V 40 NOISH3A VY 40 3ONVINHO4H3d JHL 3HVAWOO

SW3LSAS JHYMLH40S
I'Y H3AIN3A O1 vav ONISN 40 ALiNigISv3ad 3HL ININH3L3a

SNOLLYOI'lddV
NOLLVLS 30VdS HOd SW3ILSAS FHYMI40S SNONONOLNY
H3AIM3A OL ADOTONHOAL °I'V 40 3SN TVILNILOd FHL 31VATIVAT

S3AILO3rdoO




J7011LHYV 1S31L NODVM @34 3HL
Ol SSIDIV HNIAIAOHd ‘NHOMLIN (S2D) WILSAS LNOMOIHD JIHANID
JHL NI HOSS3D0Hd AV1dSIA V SY WHO4LV1d 98€08 IHL FLVHOIALNI

HOSS300Hd 98¢£08 IHL
Ol H3HOTdX3 'I'L V NO G3LN3INTTdINI 3LV 40 NOISHIA dSI1 1HOd

3LV 40 NOISH3IA HOV3 40
FONVINHO4H3d FHL JO NOSIHVdAWOO ANV LNINWIHNSVIN ILVHNOIV
3AIND O1 SNV1d 1S31 ANV VIH3L11HO SONVINHO4H3d HSIav.1S3

AHOMLIN SIO
3HL NI HOSS300Ud AV1dSId V SY A31VHOILNI 38 T1IM NOISHIA SIHL
"ININ3SVYE V SV 31V 40 NOISHIA T'L OSM-ONIJO8/VSVN 3HL ISN

HOVYOHddV



SINILSAS FHVYMLHO0S 'I'V 40 AHIAINTEA ANV
ININdO13A3A IHL HO4 SINFWNOHIANI ANV SWHO1V1d 3S0dHNd
-1VI23dS 01 SIOVNONVT ANV SWHO41V1d TVNOILLNIANOD 3HVIINOD

SNV1d 1S31 3ONVINHO4H3d
ANV (NODVYM a3d) a38-1S31 JWVS IFHL DNISN WHO4L1V1d
HOV3 NO 3LV 40 NOISHIA HOV3 40 FONVINHO4H3d FHL 31VN1VAS

NOISH3A VAV 98€08 NV OL 3LV 40 NOISHIA dSI1 98€08 LHIANOD

(INOD)
HOVOHddV




NVid 1S3l 3ONVINHO4H3d ANV Vid31I1HO
JONVINHO4H3d 40 M3IAHIAO ONIAID LNIWNNDO0A A3d013A3A

INIHOVIN 98€08 JHL NO JOV4H3LNI
H3SN 3LV ONIdOT3A3A HOH STOO0L FOV4HIALNI HISN A3LVvNIVAT -
SHOLVISNVHL VYAV Ol dSI7 G31VOILSIANI -

SNOLLVNTVAZ TVIINHO31 A3NHO4H3d

SANN4 06A4 DNLLIVMY SI WHO41V1d 98€08 (1) INO 40 INJW3IHNOOHd -
LIH3IW TVIOINHOAL NO Sdig a31vnivAl -
SHOGN3A 3HYMLH0S
AaNV 3HVMAdVH a3i4nvno Ol (044) S31L0ND HO4 1S3ND3Y INIS -
WHO4LV1d
98€08 HOd SNOILLVYDIHIDAdS FHVYMLHA0S ANV SHYMAHVH A3HVYd3Hd -
WHO41V1d 98£08 HO4 NV1d NOILISINDIY dAV G3d013A3A
.Fzm_s_mm:oomn_

SINIW3HINDIYH
JHVYMLI0S ANV IHVYMAHVH .SNOISH3A 98€08 31V A3NI43A -
HOSS3O0Hd AV1dSIA SOO V 38 Ol 31V HOd SINJWIHINOD3H A3aNI43a -
SLNIWIHIND3H FHVYML40S ANV JHVMAHVH XHOMLIN SOO @3NI43a -
SAQHVYANVYLS 3HVML40S ANV JHVMAHVH NOLLVYLS 30VdS A3LVDILSIANI _

SISATTVNV SIN3IWN3HIND3Y ._.zm_s_m_DOm_

SININWHSITdWOIDV



31V 40 NOISH3A I'L 3H1 40 3ONVINHO4H3d JHL JHNSVIN

(3Dv4H3ALNI HASN ATNIVIN) 3000 LNIANIdIA-WILSAS LHM-3H -
3009 dSIT LN3AN3Id3A-W3LSAS AdLLN3AI -
NOISH3A INO1V-GNVLS V Sl 3SVYHd 1SHid -

dSI7 NI 98€08 3HL OL 3LVX 40 NOISH3A 'I'L JHL ONLLHOd NIO38

$34NA300Hd
1531 3ONVINHO4H3d ANV NV1d 1S31 3ONVINHOH3d V dO13A3d

NOILVLSHHOM 98€08 (1) INO 40 LNFWIHNDOO0Hd 3131dWOD

INFWNIO0Aa SINIFWIHINOIH TYNOILONNL 31V dOT13A3d

SNV1d 06Ad




ST001 LNJWNdJOT3A3A
JHVMLI0S (3SS) LINIWNOHIANI LHOddNS FHVYMLIO0S ILVOLLSIANI

31V 40 NOISH3A I'L 40 SNOILVHLSNOWZA NO-MOT104 3AID

VAV OLNI 31LVX 40 ONIAOJ-3H TVNLNIAT 3HL 3AINO
TTM LVHL INJWNNDO0A NOIS3A a311vi3d v 40 LNIJWdOT3A3A NID38

ALV
40 NOISH3A dSi198£08 3HL 40 3ONVINHO4H3d JHL ONIHNSVYIN NID34

(INOD)
SNV1d 06Ad




*swAsAs Ty Joj uuoneld e se A3ojouyodn
Sunndwoo uonelg 9oedS [BUONUIAUOD ) 3uNEn[BAd JOJ PIq-1S3) pood ® gLV soyew siy] ‘suonesidde uoneig soedg
10§ 1Jauaq [enusiod smoys yoeoidde Suruosear paseq-fopow s3] “duryoew (‘T L) 11 1a101dxy siuswnnsuj sexa], asodind reroads
® UO gSIT ut pado[aasp st ey wasAs sousouserp Ty e st (ALY 9uidug 159 snowouony paseg-a8pojmouy] YL

‘Sw2ISAS aTEMIJOS Snowlouoine preoq-uo uswajdu 0y KFojouyod Ty Suisn jo LpIqerns oy Kyuaa snyy pue (epy pue 98¢08)
Juswuonaud Sunndwoos prepuels uonels 3oedg Ay Ul SWANSAS 'V SULIdALLP JO Aupqises) oy ouruLNap 03 uenoduwi st I

"BV UI 1O JUSWUOIIAUS [013U0D dOO]-PIsO[d ‘Jwn-[eal & Ul pudwajdur uddq Ajases
SBY AIBM1JOS 'Y ‘APUSNDISUCD) "arBmM1jos JANSNEYX-2amosal K134 paonpod oste sey inq Suidfioj01d prder pomojre sey sty
“(dST7 - “3-9) se3en3ue] o1joquIAS Ur UIRLM UIq SeY pue s10ss003d asodind [erdads uo papisal sey aremMIJOS TV ‘AIresuoist

“duryorw 98¢ ()8 ue
uo epy Ul pauswdldun 2q PINOYSs SIIAI S JuLnbas aTeM1JOs *I'Y PIEOG-UO [TB ‘AI0JAIdY], *98en3ue| Sunuuwresdoid epy
oy U1 uanuA 3q suoneoridde asatp Joj (3SS) Wswuonaug uoddng aremijog At Jeyy pue suuopneld 98E(8 (U] UO PAUATIIP
aq $391AI9S (SINQ) SwasAg uawmadeuey wieq Suuinbar suonesydde preoq-uo e Ajwods sprepuels Isay], “SpIEpUEls
Sunnduwos uoneig oedg A31ads ey siuawNSOP Jo uAwdojAdp Iy poFeuew sey (OJSS) U0 werdold uonerg oedg AL

-wejqoid sjqeidenur A[snoraaxd Jo SUSIUTILISIP-UOU B 01 uonnjos J[qeidasse ue sonpoad ues yseoidde 1y we ‘U
‘swapqoid pourensuod Afiaeay ‘xajdwos apjoel 01 uo sIjqeUd ‘spoyrauw Surajos-walqaud [njzamod yim pojdnoo ‘uoneluasudal
30 Awouodd Syl °uomwysej ,ONI-UBWNYy, ‘paUMONns-[Pm ‘resido| e ur wojqord e [9pow 01 uo smojre A3ojouydn TV
“SWAISAS ATeM]JOS SNOWOUOINE “JUIBI[AIul FULIGAIIP JOJ I[OTYIA IANIYJD UB URQ SBY UeMIJOS ('T'Y) 0uadI[|au] [eLYIY

-uowdo[aAap pue Yoreasal Nyl Surpunj St pue SWANSAS ABMIJOS SNOWOUOINE JOJ P3AU SIp
poziuSooas sey ssarduo) ‘sysel 5oy Sunewioine 1o0j 3100 A Ipiacid swAsAS aremijos snowouone YIFAU] “sanpqeded
Suppew-uoisiosp annbal jey sysEl Auewl JO UONEBWIONE Y} SIAWISSAAU uonelg oedg Y preoqe somoduew pauITy
‘SWISAS preoq-uo (4SS) wopaasj uonels oeds iy Jo uswdoasp i ut wed reidaur ue Leyd sardojouyadn paoueApy

NOLLVALLOW LOAl0QUd 40) 33ed Suey




UIYoRW ST 3uo[dxT SIUANNSU] SBXI ], B 0} dutyoews ST SoloquiAs B woy F1 v Suniod s1 Surcog ‘Apussar ysop
‘ured Suog/VSVN € Aq apew Suraq are SUWDUBYUS AYM qe[ 'V Y1 Ul DSH-VSVN 38 1uswdojaasp 1apun fius st 1L v

*9seQq-93pajmoun| S, LVY Ul pa1ols pue 1adx9 urewiop
® £q podojaaap st jopows sy, “uonesijdde ay o3 oyroads 1 ("219 ‘sad1AIp UIIMIAq SAISUOHEIAI ‘SINSLINOBIBYD OIAIP) WASAS
91 Jo Jopowr 31 A[uQ ‘pIjjonuod pue pasouderp ‘pasoliuowr ureq wWASAS syyIoads oy Jo ssoppaedar supuoS[e sures Ayl
$ISN 31 18 I5UIS AP UT SLAUAT St LYY “wejqoad sonsouderp e Surajos pue Sunuasaidas ur yoeordde Sutuosear paseq-jopow
© sAojdwid ] "S9OIASP [EOIUBYIAL-O[IIS S[ONUOD pue ‘sasouSelp ‘siojuows Ajsnowiouoing Yorym [0ol dududd e st gLV

“posouferp pue pasoiuow Suraq WIASAS Y1 J9A0 [ONUOD ISIINXI 01 Al1fiqe P SHT O Sppe LV ‘SonInn Jo Jquinu
® P Suofy 191U doedg Apauudy Y 18 wAsks uadAxo pmbiy e asoudeip pue Jouow 01 pado[oAdp sem SHT DSH
~VSVN Pue DNI ‘antiy £q padojaaap Apurof ‘(ST wdss uadxg usafAxo pinbi oy “yonpoid yoreasas v woy paAjoAd F LV

AYOLSIH LOArQUd 10j 3deq dudey



“JuamuorAu? Sunndwos [BUORUIAUS B UM ASo[ouyadl Ty PIseq-jopout Jo asn A ot 1y3isut PISK M YoM BpY/H LV
ST, ‘(UOISI9A JSIT 98E08 Y} PUB UOISIIA JSIT T'L 94} - 9°T) SUOISIIA JOO 31} JO I8} O} paredwiod aq uay: s Judwdofaasp
JO 9sed pue souruuopad suoisIoA siy “uuopield 98¢08 P JOJ BPY UL UNUM HIVH jJO UOISIOA € jO soueunioyzad
oy Suunsesw £q paysrdwooos 3q [M SIY] 'sInss! AR JO [[B ARIIAUI 0 HIOM JUALIND I JO 2AD32(qo ue St N ‘Ajreury

"auIyoRW JSTT © U0 pArudw[durl aremijos Y} JO UOISIOA [eULFLIO
o isureSe soueunopad 2y amseaw 01 pue ST ut uuopeld 98E0Y [BUONUIAUOD B 0} ALV uod 01 133foud sup Jo dAnNRAqo
ue s13] “seuryorw g 2sodmd [e1oads uo padojoadp are swAsAs Auew ‘aremijos Iy yonuw Joj gSI 3O 010Yd 3 01 3

*ATEM1JOS
ALV 9 JO SUOISIaA YV PUB dSI'T 9y URMIdQ Ipew 3q [ uosiredwiod oueuuopuad e ‘Apms Kqrses) 3y jo wred sy

-gpy w1 paruswardwy A[[njssa00ns 3q Ued wAsAs TV ue J1 Su1sss Jo 2An(qo ue sey 100faxd epy/ALVA
oyl ‘-suomeordde preoq-uo 103 parcidde st yqy A[uo ‘Apuaum) -dSIT Ut Podo[aAdp sem ‘aremyos Iy yonw I ‘FLVIA

‘suonesrdde 1andioo uonwig
soedg pIeoq-uo 1oj suswannbal oy 190w UED SWASAS URMIJOS [’V JI SUTULISNGP O} ST oM JUALIND 3y} JO ANIIQO utew v

SHAALLDArMO J0) 3deq udey




*(dq) s10ssada1qd Aepdsiq uo synsax oy Aejdsip pue ‘(suo3ep\ snjg pue
PoY) SIONIE 1531 [0NU0D (V) SIINPOW uonIsInboy ereq woJy BIep 139[[03 A3Y], "JIomidu §HO Yy woyy uns suoneosrjdde
[ONUOY AWn-[eAl [RIGAIS DSY 1k (1aF) Lioymioqe] wawudopadq Suudourduzg Yl ur paeso] St Paq-IsA §OO YL

*SUONIPUOd [0nu0d dOO[-PasO[d ‘PWIR-[eal I9pun pASA 2q 01 ALY SIqeud
S "9[ORIB 153} uOSeA\ POY S [OHUOD [[IM 1 UM HIOMIIU PaG-IsA SO I UI PAPPIQUUE 3q [ wNsAS FLVY YL

T0°€ZSY-068€-0SM - MAUNLIIA VT SID o] 3deq 3uey



*$15919p 1 1eyp synej ssedAq 01 siusuoduwiod Juepunpas Juisn £q aremprey
uoSep POy o [ONUOD OS[R [IM LV "9[0SU0D SII BIA SHNSA pue AiAnde Sit Ae[dsip [ pue Wv(Q © BIA uoSem P
Y} WOIJ UOTBULIOJUT JAIIA [[IM FLVY “HOMIU SN Y} U0 J( © St pAudwa[du 3q [[im LV ‘Sonsst L1umd3s Jo Isneadq

"aremprey Indino y3noay) S3[oNIE 1531 Y [0NUOD OS[B
Kew uoneondde syl °sdq oy uo uoneuuojur Ae[dsip pue SWV( 2y fjod Lew uoneoridde ay], ‘gv ue uo sapisa uonesidde
uy uswdinbs oyp Suowe SUONEJIUNIIWOD MO[TE 1Byl SHIOMIU JJWIANF pue ‘SIAOIIY 159, (dV Q) $10553%01d uonismboy
meq ‘(WVQ) SIMPON uonisinboy wie( (dy) s10ssa001d uoneorddy (dq) s108520014 Aeidsi Jo $ISISU0D Ypomdu §HD YL

0T°€ZSH-D68€-DSN - MANLIId NIOMLAN SO J0j 33ed urdey

[




oMU $HN) A Uo J( © se Aexdo 03 Liriqe
s J0ssac01d 98EQ] AP AJUdA [[IM DSSAW ‘98€08 A 0 T'L, 3 wayy FLVY Suniod asojag “pOMIdU §OO A Ul wrdsksqns
v s Appadoad yzom 1M 98¢€08 Ue eyl AJudA 03 juerodwul ST I3[ JIOMIdU §ON AP U0 S105s003d 9GEQ] Ou dIe AP ‘Aepo],

‘saATeA pue sdund 1odoad oy Surjonuos Aq yed Suiony ewrANe UL YsIqeIsd Aew F 1YY ‘SIn[ie} B JO JUIAI 31 U] VIS JIYI
98ueyd 01 saAfeA puewuod ued pue sdwnd Jo el MO SYI [ONUOCD UBI PUBR SIOSUIS Y} WOLJ SIUNAMSBIAL SIATA FLV

*WASAS JONUOD YL 0) SIUSUWAINSEAW IALT s105uUds amssaud pue 1939w Mo “Suidid pue ‘soajeA prousjos ‘sdund
Jo 1s1suod yied Surpony uaa1d © uo syusuodwiod aremprey oy, “Yuer Hp Surjjonuod 10y syied Juepunpar [BI2AIS sey uoSep poy
YL “Yu® [onj amInys Y Jo Sururesp pue Jur(y oY sAe[nws I wWANSAS Jupjuey apInys a3 Jo adKiojoad e st uoFep\ Py YL

LO'ETSY-D68E-DSH - TANLIId ATOLLAY LSAL NOOVM AV 10j ddeq Sueq



2LV JO UOISIaA 'T'], 3} 1O}
posn uejd UOHBNSUOWIP JUIBS MO[[O] [[IM UOWENSUOWSP 9ZE0Y STYL "IdnJE 153 uoSep\ pay ayi Surjonuod pue ‘Suisouderp
‘SupolIUOW PARASUOWAP 3q [IM FLVY 'dd © S8 JHoMIdU SO0 P ul pappaquul 3q [[IM LV JO UOISIIA 4ST] pauod Ay

‘Jos010ud spomiau §HD i Aq payIads se ) 93endue] oy
UL USHLIM 9q [[LA S[NPOW 0BLIAUT HIOMIOU OY ], I[NPOUI IJBHIAUT IISN Y1 JILM-3I 0) PSR 3q [[Im s10ss20a1d jo dnos3 S8ref e
Suoure A1iqeniod AINSUS JEY) SO0} AIBMJOS “XIN( 3pun J0ss3301d 9E0Y Y UO UNI 0} SINpow 350Y) Sunum-ai £9191dwod
SOIBIISSIIA SIY ], “dS[7 UOUIIOD) UT USNLIM JOU I8 ‘90BLIUT HIOMIAU Y} PUB 0BLIAUI 135N 3 ‘F LV JO SI[npows ueoyjudis
om] -premiojydrens 3q pinoys LN jo wed sup Sumiod dSIT UOWWIOD UL UMMM ST HL V) JO UOISIOA °T'], 3P JO
yonpy ‘10ss3001d 9gg08 U 01 pauod 3q [[M FLVY JO UOISIA 'L, 9y ‘suonensuowp uodep pRI/ALV T.L 3 Bummofiog

‘suosreduiod 23eINdoR 2INSUI O LV JO SUOISIAA [Te isurede Ajuuojiun
pordde 3q [y suerd 1591 pue euAILD dueuuopad sy “eep soueuuiopad Juninsal Ay uo pounojad aq 01 sisAfeue oY) pue
‘2oueuiopad Suumsesw 1oy sampasoxd 3y “JoNuow 03 FLVY JO siuduodwod Ay ‘pamseaw 3q 0 s1ojowrered o) £j1o0ads [[im
sueyd 1591 pue euUD soueuuopsd dy], -pareduiod A[reImooe ST F LY JO SUOISIdA 3 JO Yoed Jo aoueuuonad o eyl amsud
mm suepd soueuuopad sy, "PIYSIqEISs 3q isnw sus[d 1531 OUEULIONI PINRIIOSSE PUE BLIAILD JUIWINSEAU UBULIOHA]

“IAISAS JUIIseq
SI1 S8 LV JO UOISIA T'L 9 asn udyl M (QSH-OSSAN) 19u3D aoedg Apouudy] 1 Auedwo) swAnsg oedg sejdnoq
[IPUUOON aremprey uoSem poy i Sufjonuoo pue 3uisouderp LV LOSUOWIP PUB YHOMIIU §ID) A 03 Jossaooid ‘'L
oy 100uueo [ Aoy 3aso[dxd T'L © 01 duryoew ST SoNoquiks € woy FLVH Suniod st DSY-3urog/VSYN ‘ApuaLn)

HOVOUddV 10j 33ed 3urej




. JUNUOIIAUD
vonguawdfduir udsoyd 8 Aq pasodusr s3joopen SSNOSIP [[IM Pue SWASAS I’V PISE]-IUNUUOIIAUD [EUORUIAUOD JO sourunioped
A dAacudwit 0) MOY INOQE SUOHEPUIUILIOSA UTRIU0D [iim uodas eurj ay], ‘(s10ssaooid orjoquIAs pue JSIT) SIUSWUOIAUD
Sunndwios asodmd-eisads ur pue (epy pue 9g¢08) Jusmuonaud Sunndwods uonelg oedg prepuess 3y Ut Sutuun SWASAS T’y
Jo doueunopad oy azAeue [[IM )] “dSIT 03 paredwod epy ul SwASAS [y Suidojaasp Jo saSejueapesip pue safeiueApe o
aen[eAd [ wodar reuy oy, paysiqnd aq [jm $3AR(qo s103load s 01 ureuad Loy se synsar oy Jurssnoastp wodas reury v

‘SjuawuonAUl unnduwod ssodind-reroads 03 pasoddo se sjustuuanaud Sunndwiod [euonuaAu0d uy uuojiad swAsks 1adxa
paseq-[opou [jom moy ol 1ySisur 9A13 [1m S1593 doueunopad 953y ], *souruLIONad S UOISIIA YIud 153} 0} pasn 3q [im ueld 1531
JUres 3YJ, "PAUAWNIOP PUB PAINSEAN 3q [[IM (BPY 9808 ‘dSIT 98E08 ‘dSIT T'L) ALV JO UOISIIA Yoed Jo dousuiopad ay L,

‘uoep\ Py oy isureSe wasLs-qns §HO) © S8 PAIBNSUOWISP
9q urede M 1 ‘BpY Ul UINLIM-3I U3 SBYy FLVY OUQ °SINSSI IS 9AJOSAI [[Im JudwNdo(] -UBISAQ PoreIdq YL
"BpY pue 4SIT uUsamisq 3uiddew jeuonouny 2uoc-031-3U0 B JOU ST AP ‘AJUreLIad Jsow ‘pue epy Ul Judsasd 10U I 1By SAINIED)
dSI shojdwd gLy ‘os[y °Iespoun ApuaLmnd st epy ui KSojopoyiawn ey Juasaudar 0y Aem 1saq oYL, *A3ojopoyiow paudLIo
-399(qo ue Sursn uanuM ST LYY 193foad oy Jo dTels siy Fuump IS [IM SINSST [BOIUYOA AR W WO ARsanp 9pod Aews
JowuresSoid epy uv 18yl JouueW B Yons ur uisop S,F LV 2qUOSIP [iIM wANd0( USISd PoreIdg YL ‘udumdo( udisaq
PafreIaq @ 3uneao Aq paysijdwoosoe 3q [ SILL ‘9808 L UO BPY GIUF UOISIIA JSTT A4 WOLJ USNLM-3I 3q 1XAU [[IM FLVY

(ue)) HOVOUIJYV 10j 3deq Suney



JUAWNOOP MITAIIA0
snp uo puedxa [jIM sjuAwmndop Sunsay soueuniopad pofreIop amin.g ‘sisA[eue pue Sunsa) soueuLopad [[e 1oj yoeozdde pue
SouTpapIng 54} 13§ JUALUNOOP MIIAIIAO SIY], “Ue[d 153} puB BLIAILO soueuLiopad S SAUIPNO Jey) JuANdOP © pado[aadp DSSAN
‘SUOISIOA LV [[e ssosoe Apuasisuod oueunopad sILVI Suunseow oy sasodord JSSA 18yl UONIANP 3 ANEJPUL O,

"SMIIABIB(] PUE SI[O0} PAJBIOOSSE pUe SMOPUIM-T1X
LI 9Ie 359 L "98€08 Y JOJ S[001 1udtudo[2Adp 308HI3UT JASN 1puadap wI)SAS-Uou Joj $3210Yd [enuanod omi palyrudpt sey
YAIBIS3I JUALIMD AL, “UINLM-II 3q O} ABY [[IM PUB JUIYOBW 9BEQY ) O uod 10U 1M 9p0d SIY], *9pod Juapuadop waishs ut
USNLM SBM 30BJISIUT ISR AU JO UOISIIA 'L YL "pRIo[dxd A1om aoeuaul Jasn FLY Y 98€08 oW dojaA3p 03 S[O0) AreMIJOS oL
uone3usoAu] ‘SIONE[SURD I[QESN JO ISR Ue MOYS SI[NSAU ALTed ‘pIpadu SI uonednsaAut azow ydnop|y "yay own gLvy jo
Surpoo-a1 oy SuLmp pasn 3q PIN0d A3 JI SUTULIAIP 0} PABINSIAUL oM SIOIE[SURD YAV 01 dSIT 15T ‘saAnoafqo wex3oad
199U 0} SOANBLLIINE JUAIYIP AETOSIAUT 01 PIIONPUOD 2IIM SUONENEAD [EIIUYIJ ‘SisAfeue siuswiannbar juawdmbe o Suum

*9ALLIR Spun
patednqo sy [uun pioy uo Ind uasq SBY UONEISYIOM 98E08 (1) SUO JO JUSWAMDdOI] ‘suonedtiaads [eauysal Iy oﬂvoo.wowom:m
TIOY) UO PIsBq PAIENn[eAd a1am sajonb oY), "PoAISsI pur paisanbal asam sajonb JOPUIA  “IQIYXI ISHW JUBMPIEY DU AIEM1JOS
uonmsyom poseyand i Jey sanienb [edwyoel oy Apesioaud pajels ey paredard sem uoneoyroads resiuysd uswdmbo
uy uswamdoid jo poyqiaw 3y pue uswdmboe sy Supndoid oy uerd paseyd sy ‘painooxd 2q 01 Justdinba oy poyroads
uejd uomisinbow Jqv 4L ‘uonelsiom Juatudo[daap 9808 ue Suiseyamd oping 03 padojaAIp sem ueld uonisinboe Jav uy

PRYIUIP! SBM JIOsH
wasAs LV oy uoddns of popadu AreMIJOs puB IBMPpIey Iy} ‘A[[eul °PIIE3USIAUI OS[B AUIM WLIOJUOO 1SN JUILUOHAUD
QIBMPpIBY PUB JBMljos FLVI 9P Yoym o) sprepuels uonel§ ddedg oyj -remprey uoSepA PoY SYl 01 SSIVOe dAeY
0] 2I0JIAYI PuB SOO YIM PateIAUT 3q 03 ZLYY MO[[e 0 Sludwannbal JuNjIOMISU puB ‘ATEMIJOS ‘ABMPIBY Y} UTULINIP
0} pountopzad sem sisAfeue syuswannbos dwdinbo uy  JUWLONAUD YONS JUO ST ‘PoF-1SAL uoSep\ PN Ay 01 P3AARUUOD
S YOTym “YIOMIdU (SID) WASKS N0 SUAUID) Y], "UBMPIEY [BAI SSIOOR 0} I[qE 3q PUE AIRMIJOS JIYI0 YIIm paes3aul
aq 1snu WAsAS FLYY oy “109foxd sty jo $9An93(qo ay1 suoddns YoTym JUAUUONAUD Ure UT PIISal 3q 0 aremyos JLV | Jog

SLNAWHSI'TdWODDYV 10j 93ed dupey




"PAUWNDOP 3q [[IM
SIUSLIAINSEAU Y} JO SHnsal oy ‘sampadoid 1531 oy Suisn panseaws 3G [[IM FLV JO UOISIIA T’ Y3 Jo ddusuuopad oy,

*s9a1nosa1 Sunndwod Jo Junowre JUADHINS ¢ sey Jey 10ssa001d 988 AuB 01 Jjqeniod F I YN SONBW SIY], “dIBMIJOS
9oepAT 105N JUOPUIdOPUI-FUIOBW LM JSIT UOWWIOD PIEPURIS [SNV UI USNLM 3q [IM FLVY JO UOISIoA SIyJ,
aulyoRW 9ggO8 Yy 01 pauiod 3q [IM FLVY ‘USHLIM-AI PUB PINUSPI UISq SBY 9ped Juopuadap-aIBMpIEY [[8 5UQ

“UOHEISYIOM 9ZE08 Y UO JSTT uounuo)) and ut 1o S]oo JUSWAO[IAIP IIBHINUT IISN YA YIS UINLIM-II
3q 01 9ABY [[IM So[npowt Juapuadap-aremprey asay) ‘pauod 3q Ued FLVY 10jog ‘uuiofe]d dremprey SIUAWNASU SEXI],
o uo A[eoyroads uru 01 UM UG dARY Jey) sanpow FLYY Y AJuuspt o3 st wod ay Juruuopad ur dais 1say oy L

"UOISIAA '], ay3 01 Jqissod se
TeSnUSPI e 3q [[IM UOISIdA JST'T 98€08 2 ‘suosuieduios prieA 9]qeud 0], "(HOMIdU $OD) Y3 Ut pItesdul Jou suedw
suore-puels) uuopejd 98¢08 AP UO JSIT Ul FLV JO UOISIIA SUOTE-puEls B NBIIO 0} st uod sy Jo aseyd 1say ay |,

‘uuope[d 98¢08 Y1 UO UOISIIA ST © 03 puod 3q [ FLVY JO UOISIoA T'L YL

*}$9) 9oueunioyzad juanbasqns yoes 10y payIpow [rewurm 3q 03 poudisap 3q [iim sampaoold 1531 oy |,
sampaosod 1531 surunopad jo Juswdopaaap oyl aping [im uerd 1591 YL pIYsIdIOsI. 3G [[IM SIUANTAMSEIW ISOYI MOY pue
‘pamseaW 3q [[M 18 FLV JO studuodwiod Iyt ‘pamsedwr aq 03 s1ajeurered Iy ‘sisay oueunopzad ay Jo sfeod o ysiqeIsd
i uepd 1591 3L "ABM SUIES Y PAINSEIW ST FLV JO UOISIIA YOB3 JBif) OS PIYSIQEIS 3q ISNW SUAUINSEIW dueuniopad
ap sapm3 e ueyd 1591 souruLOuad B ‘MON PIUIPNO URq Apeale dAey JouruLouad S, 1Y uNSEAW 03 Yorym £q spoyiaw
PUR BUAILY) "PAINSEAU 9q ISNUW 5] YV JO UOISIIA Yord Jo doueuuopad oy 993(0ad epy/3 LV S JO SIANS(QO o1 390u1 O,

"06A4 Ul pamooid 3q [[IM aTemijos M uonelsyiom Jusmdo[aasp 9808 (1) U0

“190foud 9y Jo syuawannbar 9aumosal pue ‘sUrRNSUOD ‘adoos ‘saAnsdiqo
o} SUTBIUOD JuAWNdO(] SuAmANNbay [euonoung ay]l, -swawannbax 1o0fard oy s19owW I LYY ANSYS O3 YOM BPY/ALVI
amnj Q¢ 9pind 01 JAIS OS[8 [[IM WAWNOOP Y], °‘ssadcud sup AE[IOR] 0) PARAID FuIdq ST WSWNOO(] ‘SIUdWANNbIY
feuonouny vy °[9A9] Suipuny s yorew oy padoos-ax Suraq St O6AJ 10J SHOM epY/ALVY YL didosd sy o) ey
PIONPAI SBY JUALISUNOUUR 193pNq (6A YL o1doad xis sem [aAd] Jomoduewr DSH-DSSAW BPY/ALVI 0644 s *A[reuiSuQ

SNV'1d 06X 10} 3deq durey



“epy ol FLVY Sunum-aI Joj SJuAUNS0P USISIP A AeALd 0} pIsn 3q Aew sjoo] gSS "parednsaaul q
1 yoeoudde Sutuosear paseq-jopow s, LV 01 S[00L, HSS Suisn jo Aupqeordde oy uowadeuew aremljos (K- PIM
s12d0joA9p arem1Jos pre 0} $[00) JuSWO[IAIP ATBMIJOS JO 195 PIEpUEIS B S S[00], (HSS) JudwuoKAUg uoddng asemijog Yyl

‘mwIlsAs [onuod pue sonsouderp
Jwn-Jeal v s gLV Jo sonifiqedes oy oyut m31A Yidop-ur UB JAI3 [[IM SUORBHSUOWIP ;AL 7sonbar vodn sonured parsasaut
01 san1piqedeo it RASUOWIP [[IM DSSAIN SHOMIdU SO Y} UT WIASAS-qns © S8 uuope|d T’ L 941 U0 PAIAI[IP St LV 3UO

‘51d2ou0d uSisap s LV asaidal 0 ySnous jnjiamod a3enuey Aue ut FL VY JO
UOISIOA B 91B3I0 0] JUSWNDOP ) ISN USY) ABW JUO *UOJJO WU QI “[Feap Ul Z LV JO SPOYIaw PUE ‘SAIMdNNS ‘SUonouny
U} 3QLIISIP [[14 JUIWNOOP YL "BPY SPIEMol d[qissod Se S S8 PAUE]S 3 [[Im JUAUNIOP Y], 'BPY Ol HLVY JO AUM-A
Y} 303IP [TIM JUARUNOO(] UBISA PITEIS( YL "UOISIIA dSTT 98E08 Y3 UO PISeq PILEIS 3q [[1a JUAND0(] udisa(q pareeq v

C16X:D ‘I2QUISAON [HUR PIANPIYOS 30U A[[enIde SI JSe) SIYLL) "PAUAUNIOP 3 [[LA SIENLAMSBIHU H
JO SNsa1 9y, soueunopad SUCISIOA OM) Y} JO uOSLEdWIOD PISBIQUN AMSUI 01 IPBW 3q [[IM UOJJ [IV "UOISIIA JSIT 98€08
a1 JO ddueuLIONd ) ANSEW 03 PAYIPOW 3q [[IM F LV JO UOISIAA '], 3y dinseaws 03 paodojaaap Asnoraaud saunpasoid YL

("1u0)) SNV'1d 06X 10) 93ed dupey




SESSION X
TELEROBOTICS TECHNOLOGY AND APPLICATIONS

Session Chair:
Mr. Wayne Zimmerman
Office of Space Station
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TELEROBOTIC SYSTEM TECHNOLOGY
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TELEROBOTIC SYSTEM TECHNOLOGY

Teleoperation User Interface

Teleoperation Control

arm: B Lert DRight @ Dua RON 1T
Hand: @ Left D Right W Dual

Command to the Left Arm

Command te the Right Ars

wode: Dvorid WTo01 @ Joint
Veol: TRI Gripper,

wode: Dvorid

To0): QR No Tool
TRI Gripper

Gripper: 3 Close eripper: @1d1e Dopen @ cCiose
Delta (MR peed (nm/s) = 15 Delta (mm) = 5§ Speed (mm/s) = 15
Accel New Tool orce (N) = 20 Accel (mm/s/s) = 18 Force (N) = 20
Cartesian Scale Ferce Batn (Dual) Cartestan Scale Force Gatn (Dual)
Tx = 1.08 Fx = 2.98 Tx = 1.00 Fx = 2.00
Ty = 1.08 Fy = 2.80 Ty = 1.00 Fy = 2.09
Yz = 1.80 Fz = 2.08 Tz = 1.00 Fz = 2.89
Rx = 1.00 T = e.78 Rx = 1.80 Tx = 8.70
Ry = 1.80 Ty = 8.70 Ry = 1.00 Ty = 8.70
Rz = 1.80 Tz = 8.70 = 1.80 Tz = 8.78

Rz

— I
System Messags: System Normal

Status of the Left Arm

Joint 1 (B)  -155 QNN ) 155
Joint 2 [B) -216 NN ] 3%
Joint 3 e) -4 MM 227
Joint 4 (@) -115 M ] 185
Joint 5 (8] -85 1 95
Joint 6 (0] -174 ) 174

Fx (8) -150 SN ] 158
Fy (8]  -15¢ [N ] 156
Fz [8)  -150 QNN ) 158
Tx {8)  -sso NNNNEEN ) 999
Ty (8]  -909 NN ) 999
Tz (8]  -999 QNN 999

Gripper (8] B j68

Hand Connection: @3on @ OFF
Force Feedback: @ oFF @ onN

Status of the Right Arm

Joint 1 (@) -155s N ] 1SS
Joint 2 (@) -218 N 36
Joint 3 (8] a7 }227
Joint 4 (0] -11s M ] 185
Joint 5 [@] -95 NENNE___ ]SS
Joint 6 (8] -1 N ] 174

Fx [8)  -150 () 159
Fy (8] -15¢ ] 156
Fz (8] -150 QI ) 159
T« (8]  -999 ) 999
Ty (8]  -999 Q] 993
Tz {8)  -999 NN ) 999

Gripper (8) O ]68

Hand Connection: G on @orF
Force Feedback: @ oFF @ on
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ROBOTIC ASSEMBLY OF LARGE SPACE STRUCTURES

RALPH W. WILL AND MARVIN D. RHODES

NASA Langley Research Center
Hampton, VA 23665

ABSTRACT

The Automated Structures Assembly Laboratory (ASAL) has been developed at
Langley Research Center for the purpose of identifying the problems associated
with assembling large space structures using robotic manipulators,
investigating systems and techniques applicable to such assembly tasks, and
developing methodology for an in-space construction facility. The ASAL facility
and its robotic manipulator system is described and a discussion of the initial
series of assembly operations are included. The status of the system software
development is summarized and an outline for follow-on testing and expanded
capability is given.
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» Identification of problems associated with assembly large space
structures using robotic manipulators.

» Evaluation of systems and techniques applicable to space assembly
tasks.

s Development of methodology for an in-space construction facility.

Approach:

» Utilize standard industrial robot mounted on moving base to
assemble simple tetrahedral truss.

« Evaluate sensor hardware, assembly techniques and planning
systems.




ROBOTIC ASSEMBLY TESTBED

Obijectives and Approach:

Most work in the robotic in-space assembly area has been confined to
the study stage. Langley Research Center has developed a robotic assembly
testbed to investigate automated assembly through actual hardware
experience. Such experiments should identify real problems associated with
the robotic assembly of space structures. The testbed facility utilizes a standard
industrial manipulator mounted on a precisely-controlled motion base to
assemble a simple tetrahedral truss made up of 102 two-meter-long struts. The
program involves the progressive incorporation of robotics technology in areas
such as sensors and planners to evaluate both systems and technique for
automated assembly.

‘ The Automated Structures assembly program, a joint effort involving both

the Structures and Flight Systems Directorates at LaRC, is also aimed at
developing a generalized robotic assembly capability by considering other
structural configurations and other assembly tasks such as module, utility and
panel installation. This progressive approach to systems development and task
capability is expected to generate generalized robotic assembly methodology
for an in-space construction facility.



Accomplishments;

Testbed facility operational with motion base accuracies of .002".
Development of truss assembly sequence and naming convention.

Robotic assembly of 24-member truss ring using force/torque
feedback.

Preliminary evaluation of position and ranging sensor guidance.

Development of robotic end effector for more general assembly tasks.




Accomplishments:

The robotic assembly testbed facility has been operational since January
1989 with a motion base positioning accuracy significantly exceeding
specifications. Assembling testing began in February using manually
determined assembly sequences for the tetrahedral truss structure. The 24-
member inner ring of the structure was successfully assembled after several
modifications to the assembly sequence. A force/torque feedback algorithm
was also developed for these tests when strut-node joining operations proved
unreliable without sensor feedback. The sensor work has been continued in
preliminary evaluations of position and ranging sensor hardware and guidance
algorithms involving these sensors.

A more generalized robotic end effector has been designed and should
be operational by the end of the year. This end effector handles the struts one
end at a time and is thus capable of installing struts of varying lengths, as well
as suitably equipped modules and panels. This end effector also incorporates
all improvements identified during the initial assembly tests. Robot positioning,
collision-free paths, and assembly sequences have been determined for the 78-
strut second ring of the tetrahedral truss and assembly testing is underway. For
these tests, fully automated software with error recovery capability is being
used.




B TBED

Assembly Test Observations:
» Testbed facility motion base and manipulator accuracy is adequate.

« Truss/node joining concept of inserting strut into a captured node is
necessary.

« Full end effector instrumentation and TV monitoring is essential.

« Forceftorque feedback to achieve .001" positioning accuracy is
necessary for joining.

» Positive actuation, as opposed to passive springs, is required for
reliable end effector operation.

+ Computer control is essential - details of assembly exceed operator
ability.




BOBOTIC ASSEMBLY TESTBED

The initial 24-meter truss assembly tests yielded several significant
results, some expected and some not. The testbed facility itself with its .002"
positioning accuracy proved to be more than adequate for these operations.
The strut-node joining operation, however, required considerably more
positioning accuracy than anticipated. A force-torque feedback system was
developed, providing an accuracy of .001", a level required for stable, precise
structures. These accuracy requirements emphasize the necessity for a truss-
node joining concept which involves inserting a strut into a captured node. This
joining hardware must utilize positive actuation rather than passive spring-type
mechanisms in order to insure reliable operation with the accuracy constraints.

It also became apparent that full instrumentation of all end effector
operations is essential for automated assembly. End effector-mounted TV
cameras are also needed for operator monitoring and verification of end effector
functions. Signal line limitations for end effector instrumentation and position
sensors make on-board processing for assembly end effectors very attractive.
The complexity of the assembly operations and the amount of information
involved exceeds the capability of human operators. The great majority of
failures encountered during the initial assembly tests were directly attributable
to operator error.



ROBOTIC ASSEMBLY TESTBED

I iviti
Develop sensor guidance techniques for assembly operations.

Evaluate generalized end effector for a variety of tasks including -
module installation and curved truss assembly.

Develop path planning and sequence planning techniques.

Evaluate 3-D graphics interface for operator monitoring and
automated planning.

Investigate coordinated motions of manipulator and motion base.




ROBOTIC ASSEMBLY TESTBED

r r iviti

After completion of the complete 102-member tetrahedral truss assembly,
the research on assembly systems and techniques will continue with the
incorporation of the generalized single-ended end effector into the assembly
system. At the same time, positioning and ranging sensor feedback will be
introduced. This will eliminate the need to teach strut installation points by
using sensors to track the node positions. A three level guidance technique
utilizing knowledge of the structure's geometry, position sensors and the current
force/torque sensors will be evaluated for strut assembly. Path planning and
collision avoidances algorithms based on structural geometry and
supplemented by sensor information will be evaluated.

More advanced planning systems to generate assembly sequences and
alternatives in the event of failures will be developed along with 3-D graphics
display techniques for operator monitoring of the planning systems. Other
structural configurations involving varying length struts and module or panel
installation tasks will be evaluated in the automated planning environment.
These more complex tasks may also involve dynamic coordination between the
robot arm, the end effector, and the motion base.
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JFPL. What is TEJAS?
TEJAS Is...

- an Information system of related muiti-media data

__Q an task analysis tool for EVA and Telerobotics, that can form relational
links between the two fields for any task, through their task primitives

- a technology development planning tool for Telerobotics, to give
definitive direction for the needed technology push

- a disk-based reference for EVA and Telerobotics

- a set of hypermedia stacks that can be used individually, collectively,
or card-by-card in many other applications

...bullt within an object-oriented programming environment that comes
FREE with and runs on any Macintosh personal computer (22 Megs RAM)

JPL. TEJAS FY 89 Participants

Wayne Zimmerman: tool specification, basic system design, periodic review,
project management

Dr. Bert Hansen: project management (JPL Code ST Projects)

Michael L. Drews: tool specification, software/hardware selection,

basic system design, detailed stack designs & scripting, stack development,
project management, reporting

Doug McAffee: TeleSystems stack detailed design and implementation
Paolo Fiorini: TeleTechnologies definitions and forecasting

Dr. Paul Schenker: TeleTechnologies definitions and forecasting

Jeff H. Smith: interactive definition and compilation of Telerobotics and EVA
task primitives, beta-test/review of TelePrimitives and EVAPrimitives stacks
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JPPL. TEJAS Version 1.0 Features
» Relates EVA and Telerobotics through their specific task primitives. Clearly

defines the generic primitive root, with a history and syntax (guide to usage).

« Interrelates EVA or Telerobotic verb primitives through use of Antonym and
Like Verb fields.

e Interrelates the Description and Outline, Assumptions, and Open Issues for
any task, EVA or Telerobotic, then aids In building a specific primitives list to
approximate the Outline. Can link and compare any of these between tasks.

 Relates any telerobotic task and the associated assumptions to the
Technologles required to perform that task under the stated circumstances.

» Provides detalled definition and forecasting on a 8-level readiness system
for all telerobotics technologies in the database.

THE ENTIRE INFORMATION SYSTEM IS DYNAMICALLY UPDATEABLE:
ADD AND ANALYZE ANY TECHNOLOGY, PRIMITIVE, ETC. IMMEDIATELY.

~JPPL. TEJAS Basic Approach

TEJAS takes elemental research components, such as task primitives and
technologlies, and treats them as cards in shuffled decks:

Spacecnft Task
Interfaces Planing

I

Humaa

Tools and Services Factors

Telerobotics EYA

The cards can be disassociated from theilr
traditional groupings and

related freely, 7 - I
using the TEJAS
scripts. \/’%
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JFPL. TEJAS Version 1.0 Reference Stacks Contents
e

EVA Primitives (EVAPrimitives): first-ever compilation of verb-oriented task
primitives from major EVA Task Analysis Methodologies (TAMs) nationwide.

Inciudes Verb, Definition, generic Syntax, Like Verbs (related terms, NOT
synonyms), Antonym, and History fields. Helps standardize EVA TAM
primitives, relate methodologies, and eliminate redundancies.

Telerobotics Primitives (TelePrimitives): same information fields as above,

but from telerobotics TAMs. More primitives than for EVA, more exact.

Telerobotics Technologies (TeleTechnologies): Individual definitions and
forecasts (with histograms), via an 8-level technology readiness system, of
all space telerobotics technologles. Includes NASREM area.

Telerobotics and EVA Glossary of Terms (Glossary): over 1100 commonly-
used (and abused) terms, with up to three definitions (each with a source).

Acronyms and Abbreviations Dictionary (Acronym): over 800 entries, up to

five definitions (each with a source), from NASA & industry documents.

JFPL. TEJAS Version 1.0 Analysis Stacks Contents

Task Summaries (EYATasks, TeleTasks): card summaries (one per task) of
any EYA or Telerobotics task. Includes Task Name, Description, Outline.

Task Assumptions (EYAAssume, TeleAssume): cards for listing assumptions
about workplace, task fiow, tools, ORU’s, etc. Aids in technology
requirements analysis. One card per task.

Jask Open Issues (EYAlssues, Telelssues): cards for listing what is NOT

resolved about a task being analyzed. One card per task.

Specific Task stacks (e.q. EYATask.5267, TeleTask.5267): created from Task
Summaries, each stack collects task summary card, assumptions card, open
issues, menus for generic EYA and Telerobotics primitives, syntax argument
menus, and specific primitives cards for one task. Used to specify the task
primitives for any task, and drive out technology requirements. Derivatives of
that task (different assumptions, outline, tools, etc.) are quickly created, and
the technology requirements analysis re-run.
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JPL. TEJAS Statement of Purpose

[ = R e
» Create a clear, consistent, repetitive, interactive and exchangeable
method of relating EVA and telerobotics, on various levels:

 Activity: Task, Subtask, Primitives
» Environment
« On-orbit astrophysical medium
» Worksites and taskboards
- External resources
» Tools and services, Jigs etc.
» Work Systems
o FTS, JEMS-RMS, JEMS-SFA, MRMS, RMS, SPDM
» Technologies
» Sensing/Perception
 Planning/Reasoning FY 1989
« Control/Execution Emphasis
» Operator Interface
- System Architecture

JPL. TEJAS FY 1989 Scope

Telerobotics

o EYA
asks Telerobotics EVA Tasks
Telerobotics Primitives Primitives EVA
Assumptions Assumptions
Telerobotics . EYA
Open Issues Open Issues
Telerobotics
Technologies
Telembo‘ics R R R AN AR Rt
Systems

Telerobdotics Telerobotics
= & EVA & EYA
Glossary
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JPL. Generic Task Primitives' Evolution

JPUSRI Report 1888: preliminary telerobotics primitives
(toloprlmltlvn) & EVA primitives lists i F
i TelePrimitives EVAPrimitives
(generic) (generic)
(Interim), J.H. Smith et al JPL, 5/89: expanded | review Telease "'i""“'”
iteleprimitives & EVAprimitives lists m]“?@]

St “Flight Telerobotic Servicer Task Analysis Methodology”, :
#GSFC MUT 4/89: expanded teleprimitives list i

!5- "Telerobotic Application to EVA Activities™, MDAC 10/88:

§‘teleprlm|tlvu, EVAprimitives, and an attempt at relating

TelePrimitives EVAPrimitives
(generic) (generic)
V1.0 release vi .Oreleue

. Commonts from EVA and telerobotics communltlu on
TeloPrimitives & EVAPrimitives review lists July-Sept ‘89

+ J.H. Smith "ARISVP": speclfic teleprimitives derived
from TEJAS pre-release list

« "Vehicle Processing Operations Data Collection Set TelePrimitives EVAPrimitives
(VPOD) * CTA iInc. & LaRC 1989: specific teleprimitives . gs
derlved from TEJAS preo-release list (specitic) Y

JPL. EVA and Telerobotics Primitives: Conclusions

- The basic steps of task analysis methodologies (TAMs) are similar between
EVA and Telerobotics, up to a point (the outline).

 Primitives are universal objects of task analysis, with their A2re/ set In each
particular methodology. Primitives should be standardized, not the TAMs.

« Two kinds of primitives exist: gemeric and speciic . Generic primitives have
generic arguments. Specific primitives follow by specifying these arguments.
Generic primitives are therefore a finite set of roots; specific primitives
change according to each task, and are a virtually unlimited set.

» Verb-based syntaxes for standardizing and relaifng generic primitives must
be part of any compilation. They help auiomate the generic-->specific step.

« EVA primitives are far more complex, but less numerous, than telerobotic
ones, because a human can sense and identify, move etc. (multitasking).

e Links between EVA and telerobotics are through task- spec#i: primitives.

0
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JPL. Specifying Technology Requirements

Technology requirements depend Telerobotics Systems

task analysis. Specification of: s JEMS-RMS JEMS-SEA MRMS RMS SPDM
a) arguments of generic primitives, | %/
including work system, operating mode, @ Telerobotics @
conditions, etc. and b) assumptions ﬂ Tasks
about the environment, the task, etc., ) Telerobotics

will feed a decision matrix. TEJAS Is gory Primitives @ Assumptions
RELATIONAL by design, not of Terms© (Generic)

Open Issues

hierarchical. ANY hierarchy desired

may be imposed on it without )

disturbing its built-in versatility and m‘_’“{"}m"’/
orongms & @ Primitives

components. The numbered steps Abbreviations ~ (Specific)  Telerobotics

indicate that deriving technologles Technologies
may involve relationally 'skipping’ '

about the stacks as needed, in any Development Plan @
order the thought process requires. @ @ :;
The end result Is a technology
development plan, with a critical path. T D“" Dates

2P, Specifying Technology Requirements

Technology requirements derive from a need to perform a task under
certain circumstances. The TEJAS software approach depends on the
hypermedia program HyperCard to create specific verb primitives
from generic ones, thereby relating the task at that level with
assumptions, external resources (e.g. information on tools, services,
acronymns, terms etc.), the environment, and the telerobotic system(s)
used (FTS, JEMS-RMS, JEMS-SFA, MRMS, RMS, SPDM). Relational
rules in an analysis stack are then bulit to identify the required
technologies. In determining the critical path of development,
technology forecasts drive the telerobot calendar; the telerobot's
selected missions impose the due dates.

To test its accuracy, FY89 TEJAS efforts focused on three real on-
orbit future tasks: Maintenance, Servicing and Assembly (with a
payioad) of the Orbital Maneuvering Vehicle (OMV). Results will be
published with our Version 1.0 final report.
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JPL. TEJAS version 1.0 Limits

What TEJAS V1.0 will NOT do:

« Analyze Tasks with BOTH telerobots and EVA crew performing work. For
this version, it's either/or. But FY90 efforts should make a mix possible,
right down to specific primitives, while retaining the analysis capabilities
as they stand. Telerobots and EVA crew can then be analyzed while
interacting both serially AND In parallel. This Is realism - the optimum.
Telerobots will probably not fully supplement EVA crew for some time, but
they are already working in concert with EVA (e.g. the RMS). This
modification will allow realistic analysis of ‘mixed’ EVA/Telerobot tasks.

« Create task timelines, although speclific primitives have fields in them for
time, frequency (within a task), etc., and can hold many more parameters.
But automated timeline-bullding simply wasn't part of our FY89 objectives.
It easily can be part of FY90's.

» Cost forecasting for Telerobotics and/or EVA. Some of this Is planned for

FYS0 as well. Its accuracy depends on realistic cost data - VERY scarce,
and questionable when available. This may be the hardest goal of all.

JFPL. TEJAS Proposed FY 90 Scope

Telerobotics EVA
Tasks Telerobotics Orbital EVA Tasks
. o , el
Telerobotics Primitives Replacemefxt 5 Primitives EVA
Assumptions Units (ORU's) ? Assumptions
. z
Telerobotics Telerobotics  F ORU : EVA
Open Issues Technologies ¥ Interfaces 5 Open Issues
Telerobotics | ] | | ] |
Systems
FEEr$$sss == R
rerreeeeerzy [|Telerobotics | | )
t Teleroboucs .%  Costing and } oMV { Costing and |
\\ | Forecasting{{ |Interfaces { Forecasting |
Telerobotics EVA |
Hard ware Human N
Elements Telerobotics Telerobotics Pactors |
& EVA & EVA !
Telerobotics Acronymns & Glossary :Y: Tools |
Tools Abbreviations of Terms ervices g

h
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~JPL. TEJAS FY 90 Primary Objectives

» Use and mature the task analysis stacks, particularly the Assumptions
stacks. Expand them to better define the environment and constraints,
using some of the yet-to-be developed stacks (next page) as references.

o Further develop primitives stacks with feedback from the EVA and
telerobotics community. Incorporate missing verbs, better syntaxes, etc.

« Further develop TeleTechnologies stack. ldentify missing technologies,
complete all forecasting (with histograms), and analyze. Build in rules for
automated derivation of technology requirements for each task, with trace.

« Further develop TeleSystems stack. Provide summary comparison
matrices between TeleSystems for physical characteristics and
telerobotics technologies Incorporated. Provide extensive relational links.

- Continue analysis of three OMV tasks, evolving better menus for
specifying primitive arguments. Emphasize a realistic telerobotics/EVA
paraliel/serial operations mix.

L. TEJAS FY 90 Secondary Objectives

» Develop the following stacks:
ExtraVehicular Activity:
» EVA Tools & Services - scanned stack copy of the popular catalog
- EVA Human Factors - scanned background data on reach, fatigue, etc.
 EVA Technologies - quantified stack for EVA, with forecasting (maybe)
Telerobotics:
» Telerobotics Subsystems - breakdown for each work system
» Telerobotics Hardware Elements - joints, links, motors, sensors, etc.
» Telerobotics Tools - similar to the EVA Tools & Services Catalog
» Telerobotics Costing and Cost Forecasting - addendum to the
TeleTechnologies stack, plus some background algorithms
Spacecraft: '
» Orbital Replacement Units - a reference stack, based on the results of
the ongoing efforts in ORU standardization ' _
 ORU Interfaces - scanned data on fasteners, plugs, surfaces, umbilicals,
etc. Complimentary to both the EVA and Telerobotics Tools stacks.
« OMV Interface - scanned details on the interfaces referenced in the tasks
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JPL

The TEJAS Stasck System

JPL
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TELEROBOTICS/EV A JOINT ANALYSIS SYSTEM
(TEJAS) HOME CARD ¢, ¢ avehicular
Telerobotics Activity (EVA)

TEAS
(tetePrimitives) (EvA Primitives)

(TeleRssume) (EvAAssume)

(Telelssues) ( EvRissues )
(TeleTechnologies)

(TeleSgstems)

i

‘ t
Acra- by
nyms 5D

LJAS Acronyms & Glossary . -
T &v 1.0 Abbreviations of Terms Define

W??hwmm'»vv"w;;vﬂmwwm*w>-w’m7‘§‘;

JFPL. TEJASHome Stack

Every system needs a root directory, a bottom line, a home base.

In TEJAS, this is it. Most of the time, a user will never need to go back
here. But if ever they get lost in the stacks, pressing on the TEJAS boot
in the lower left-hand corner of EVERY card In EVERY stack will get
them there. If they continue to press the boot, a menu appears with the
stacks as choices (including several choices of 'Help’). Pulling up and
releasing on any stack takes you directly to the first card of that stack.
it's another, simpler way to get around, bypassing the TEJASHome card
and saving time.
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Jelerobotics Technologies
|Control Algorithm | [Hybrid (PositionlForce)
Definition: v’ Source: TEJAS M. Drews et al JPL 1989 (M. Drews 8/89)
A contro! procedure that allows the |<{}|
designer of a robotic system to
specify some of the degrees of
freedom in position and the others in
force. The underlying model for the
degrees of freedom controlled in
force is a spring whose stiffness can
be set by a gain matrix in the
algorithm. This algorithm is
essential to shared control,
especially to MOVE commands while
in contact with a surface.

o

SICIC

CXOICKICKDICADICHON

(@ @@ @)

This control mode is currently
NASREM
TLAS

@ Jylo

JPL. TeleTechnologies Stack

This stack Is an in-depth attempt at compilation and standardization of
information about the technologies inherent in telerobotics. The cards
store information about each technology, Including a definition and a
forecast of avallablility, with eight different levels of readiness, based
on a system from “The Human Role In Space™ (THURIS) study of 1982.
The source field Is actually three, superimposed and hidden until
needed, to save space. They tell where we got the technology, its
definition, and the forecast data. Another hidden field (Forecast Notes)
puts restrictions on that forecast, if there are any.

Although no standard of technology readiness levels has yet been
specified by NASA, this system has been used extensively within
Space Station studies. If another system is desired, it can easily be
overlaid on the current information. The data shown can be changed,
Including the histograms, at any time. In FY90, we hope to better
solidify this forecasting, and add approximate costs for each level.
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[Reasoning Algorithm

| |Induction

Definition:

Algorithms for reasoning from
specific instances to general
procedures. These algorithms are
inherently non-deterministic and
are based on some form of inference,
such as probability, fuzzy,
Dempster-Schafer or other decision
models. This is a new research area

Source: TEJASM.Drews et ol JPL 1989 (P. Schenker 10/89)

The forecast data refers to development of
techniques for kinematic and dynamical

control parameter estimation. As examples
see work of authors such as Albus, Arbib,
Barhen, Baron, Bekey & Iberall, Grossberg &
Kuperstein, Mlller, etc. Many current
approaches are rooted in heuromorphic

®
®

I

models inspired by human motor-skill

for robotic applications and much
performance.

current interest is focused on
"learning-based” approaches. In
such approaches, elther analog
parameters (e.g., kinematical or
dynamical calibration) or discrete

NASREM

2L TeleTechnologies Criticality

Previous technology studies have attempted to create lists of critical
technologies, justifying the criticality (rank) of each on the
circumstances of the study. But that leaves out a full treatment,
because the "tall poles in the tent” are often more than the author has
divined. Sometimes it is as important to know ALL of the technologies
involved, critical or not, when assessing a situation.

TEJAS works differently to show the critical technologies. Once a task
is broken down Into into verb primitives with the arguments specified,
and the task assumptions stated, scripts take this data and, using a set
of decision criteria (to be user-adjustable in Version 2.0, but hard set
in Version 1.0), specify the requirement for each technology for each
primitive. These are complled into a single list for the task. Then,
based on the task misslon date, the scripts show all technologies that
will NOT reach Level 8 (full operational capability) by that date, in
order of how many years behind they'll be. Change your forecast,
rerun the analysis, and you'll get a different ranking. It's that simple.
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Jelerobotics Technologies

([Correlation | [Feature
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Definition: Source: TEJASM.Drews etel JPL 1989(P. Schenker 9/89)
A sensory data processing technique [{}|

used to carry on automatic |2ooo| 8
recognition processes, such those
required in image processing for
automatic object identification, and
stereo images matching. It consists
of the identification of a higher (
sometimes abstract) characteristic
of an object, called a feature, and in
carrying on the related process in
the related feature space.

It permits both saving of resources,
such as computer memory, and a
simpler interface with the operator

L

SPL TeleTechnologies Stack - More to Come

This stack Is meant to provide the reference point for many such
analyses. There are HUNDREDS of technologies involved in
telerobotics. Telerobot work systems implement different sets of these,
depending on the designers and their criterla. On-orbit tasks require
different sets. For any task, change the assumptions, change the
conditions, change the telerobot, and the conclusion of provision
versus requirements for telerobot technologies will change too.

We do not claim to have covered ALL of the technologies involved in
telerobotics, in this version of the stack. But those that are missing can
be ADDED, quickly and easily, and take their place in the analysis.
Treating technologies as objects gives you this flexibllity.

FY90 improvements may include decision matrices for technologies,
because they are Interrelated. They can be competing, mutually
exclusive, or mutually reinforcing. These relationships are the
discriminators needed to decide what should be pursued, and when.

f
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Telerobotics Technolo gies

|Reference Frame | |Object geometric center

p) Definition:

Algorithms for resolution of
manipulator end effector motion to a -
cartesian, polar, or cylindrical
geometric reference grid centered at
and oriented to the geometric (
volumetric) center of an object
being manipulated, normally to
facilitate rotational motion about
this point, so as to improve
geometric understanding of the
motion by the operator. Implies
knowledge of the location of the
object's geometric center, within
some tolerence. Normally used to

[ NASREM |

TI)AS

Lvi.0 7173789 . Q ©> [Defi E@ i @
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o @)

NOTES TO THE READER: If you contribute a technology or definition to this
stack and list its source, that's great. Thank you. But If you contribute ALL of
the technologles or forecast data from a source, or cross-correlate that source,
that's even better, and needs to be noted here, s0 we know at a glance what this
stack Includes. Enter the source name & date with appropriate notes on a
numbered line at left below, and your name & date of entry on the

4 corresponding line, please.

. COMPLETE SOURCES CHECKED/COMPILED CONTRIBUTOR & DATE
(1. “FT1ight Telerobotic Servicer Tesk Analysis IMethodology”, 1. M. Drews Jul 89

GSFC Mission Utilization Team, 4/14/89;

2. M. Drews Jul 89
2. "Space Station Automation Study - Satellite Servicing” Yols.
| & i1, TRW, NAS B8-35081 (SN 41050) 11/84; Automated
Servicing Technology Assessment used

3. M. Drews Jul 89

4. M. Drews Aug 89

3. "Human Factors in Engineering and Design”, E.J.
McCormick & M. S. Sanders, McGraw-Hill, New York, 1982
used a3 specific reference

5. M. Drews Aug 89
6. M. Drews Aug 89

4. "Space Station Automation®”, Proceeedings of SPIE, Yol. 580
9/85; scanned for technology evalustions

friss] Qo

7. P. Fiorini Aug 89
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INSTALL

5l EVA Primitives

I

Syntax Source D. Klaus JSC comts on "T/R & EVA Task Anal”

[(crew) INSTALL (object_A) in (object_B)

Definition, Notes etc.

To attach one object in or on another (i.e. |[{
a cover, a protective envelope suchasa | |
micro-meteor shield or MLI, fasteners, etc.
), either by hands-on or with the use of a
manual or powered tool. This definition is
to cover other attachment activities that
would otherwise require a large number

ORIGINAL DEFINITION (from Source):
To fix in position for use.

SUGGESTED ADDITION. KEEP AS IS,
CHANGE, OR LEAVE OUT.

MLD: probably needed; leave as is (

Like Verbs:
MATE \ |REMOVE l

SecuRe History |
I Find Uerb |

i

G & [(Gefme) i

JPL. EVAPrimitives Stack

The EVAPrimitives stack serves as a repository for a final set of
generic EVA primitives, with a definition, syntax, like (similar) verbs
(NOT synonyms), an antonym, and other information that all can agree
on. This is where the real power of relational hypermedia can be seen.
Each card can be changed, with new or improved fields, or graphics,
animation, and sound added if necessary, to completely convey the
idea. When one Is copied Into any other stack, all that goes with it!

This stack Is envisaged as a master list of GENERIC primitives,
accessed during task analysis from the TeleTasks stack via a menu.
SPECIFIC primitives evolve by specifying the arguments ACCORDING
TO THAT PARTICULAR TASK, leaving the master list intact - a
powerful idea. EVA primitives are much more complex than
telerobotics primitives, because complex humans can deal with them
more easily as basic building blocks of tasks than a telerobot can.
Compare the syntax parsing schemes for each to see this.

D 4

0
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| 3. EVA Primitives || L COLLECT ==
Syntax Source ‘“Telerobotic Application to EVA* MDAC 10/88
| il
e Definition, Notes etc.
DELETED ORIGINAL DEFINITION (from Source):

To gather objects together.
(crew) COLLECT (objects)

JPL: Requires better definition; too
ambiguous to be useful at this time.
Comments, please.

Like Verbs: m
L 1

| Find Uerbl

NOTES TO THE READER: If you contribute a term and definition to this stack and

list Its source, that's great. Thank you. But If you contribute ALL of the terms

in an existing document, or cross-correlate that source, that's even better,

and needs to be noted here, so we know at a glance what this stack includes.

Enter the source name & date with appropriate notes on a numbered line at left
k4 below, and your name & date of entry on the corresponding line, please.

COMPLETE SOURCES CHECKED/COMPILED CONTRIBUTOR & DAIE
APD A A 1. J. Estus /
McDonnell -Douglas Astronautics Co., 10/88; all termsldefs C. Heneghan Jun 89
checked /compiled

2. J. Estus /
2. "Advanced Robotics for In-Space Yehicle Processing” ( C. Heneghan Jun 89

Interim), J.H. Smith et 81 JPL, 5/89
3. M. Drews Jun 88

3. "Telerobotics/EYA Joint Analysis System (TEJAS)" (Pre-
relesse), M. Drews et al JPL, 6/89; used for cross- 4. C. Heneghan
correlatlon & composition Jun 89

4. "Flight Telerobotic Servicer Task Analysis Methodology”, 5. J. Smith Jun 89
GSFC Mission Utilization Team, 4/14/89; checked, no EYA
primitives 6. J. Smith Jun 89

DY 1.0 QB
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P Telerobotics Primitives [_GRaPpLE =

{syntax Source FTS Task Analysis Methodology 4/14/89

[(subsystem) GRAPPLE (object_A)

Definition, Notes etc.

To close the snares on a cable-tension ORIGINAL DEFINITION (from Source):
end effector, such as the Orbiter RMS, To attach a sub-system to an object using| |
around a compatible (grapple) fixture or [ |a grapple fixture.
object, and then to retract the snares , in
order to draw tight and snug the payload (;
to which the grapple fixture or objectis [
attached) to that end effector (GRAPPLE ={{3

Antonym: RELEASE

JPL: replace ‘sub-system' with ‘enclosure{}

Like Verbs: | Antonym |
CAPTURE l RELEASE I

s | History |
GRASP
| Find llerbl

[ NASREM Y Operator Interface ][ Control Execution |

e G o [Gefine] 0

JPL. TelePrimitives Stack

The TelePrimitives are similar to the EVAPrimitives, l.e. generic in
arguments. The definition, syntax, and other information must be much
more exact, requiring more optional arguments, leading therefore to
almost an infinite set of potential specific teleprimitives. Therefore, like
the EVA primitives, these arguments are specified via a pull-down
menu (with alternate entry possible) during the task analysis. For each
task, a set of specific teleprimitives must be built in this manner, one
by one, to construct an approximation of the task outline.

Obviously, the relationship between EVA and Telerobotics primitives is
a one-to-many. We have attempted to build that link in the direction
EVA->Telerobotic. On the generic level, it is difficult, but our attempts
show promise. The significance is that should a hard relationship set
be attainable, we'll be able to use it to trade off using EVA or
telerobots in a task. Much more needs to be done here, in FYS0.

h



‘SALON

d/W H1D
81 8t 81 81 81 8l 8t 8t 8t 81 8 81 d/N
sze 902 S'/81 G891 oSt et N AN} S'€6 Sl 9 G'LE S8l (WND) S1S00
62 S¢ 9s s'ie (58l (NNO) $180 HOILd
oSt oSt VON
d3s o0V a0r Norl  aww Hav |  HWW a3J NvE 23a AON 120 % A
Y _

d/N H1D
€e 8t S0 d/W dr
oo¢ gee S. S1S0D
Geé oS! Sz SI180 AD
Sl Sl $180 HOIHd
ooe 0S| 0S1 VON

w101 018 L6Ad 96Ad S6Ad ¥6Ad €6Ad4 C6Ad 16Ad 06A-4 68Ad HOldd

‘suonjedydde 1310 0} syuI| SP[INQ Pue $HIe)S IdUIISJAI JIYIO A} S3)eIId ‘(dA0qe ,) SHIe)s JUILIND [[e Jo judwdolaasp pue sisfjeue
SANURUOD 110JJ3 DA YL “Sel Jey) J0j jep uorssiur Ay} jsurede 3sedxd10j s A3oouyda} paimbas yoea Suuredwod £4q yuswdopasp
A3ojouyd3) jo yied [ednin ayy Ajnuapr uay) pue ‘pasinbaz saiojouyda) ay3 aALIBP ‘IS0 Yoea 0} 3sOY) e[l “ysey Jeronred Lue
105 saannund qaa jo jas oywads e ping A[2Andesajur 03 13asn ayy moje ‘,sanssy uadQ pue ‘, suondumssy ‘,syse], $9130q013[3)
pue VAT 3} se yons ‘sypejs sis[euy ‘sadejraiul (NPO) un juawadeiday [e3iqiO pue ‘Supnsesaroj 3s0d pue s)s0d OH0GOII[3)

Pue VAT ‘SJUSWI[3 arempiey pue ‘,SswaisAg ‘(3sed1a10j e Yyim yoea) ,satdojouypa], sonoqorajdy ‘yuawdmba pue sjoo; pue
+SIANIWLL %Se} SONOGOII[3) PUe YA JO S3DUIIIJI pajie}ap ajeasd o3 sydejs eipawsadAy sasn 1dafoad siyy, :HOVOUdAY TVIINHIIL
‘syse)} Jo Jaquunu Aue I0j ‘paysoddns aq [m juawdopaap £3ojouyDa) J0j SUOHEPUSWILIOIAT PUR ‘SILIBWIWINS XLIJBUI

‘suopdafoid 3500 ‘sauraury ‘sjurensuco weidoid pue 1a8pnq pprom-jear 3y ued jeys auo puy o3 sued Juawdoaaap L3ojouyray
aAyewRj[e u3amiaq uosuedwod mofe [Im sy L ‘sisAjeue 3unysod pue ‘sa[ni [euoneldl 10w ‘(s)sedraso] A3ojouyday Ajrewadsa)
ejep a1owr Suryerodiodus ‘syse} SudIAISS 11qI0-UO 68X 33Y) Is11y Y} puokaq sisA[eue ayi Surpuedxa ‘erpawsadAy Suisn

1001 Suruued yuawdoaaap £3ojouyda) dusifeal e jo Juawdoldaaap anuyuod O} St yse} SIY) JO IANIA(qO YL  :NOILJINOSIA NSVL

IH NISNVH ' ‘HIOVNVW TOINHOIL A3ojouyda, wdjsAS dH0Q0Y ;) nawa13 sam| Y1-9LF ‘Nan

CHMIAN HIOVNVA XSVL wasAg sish[euy JUI0f VAT/SONOQOIPL 3w

04¥€-0-10006-€6Z ‘300D ANNOJJV Udf NOILdIHIOS3a XSV1 LNIWdOI3IA3IA AIONVAAQY :1S 34Q0D

68AONT -31va (0661 Ad) 2-68 dOd




iy
L]
¢

‘SJuUaWINIOp piepuels YSYN 3uiwoddq

01 Aem 113y} uo [[am a1e Aieuondip (006 19A0) suonelrdlqqy % swAuoldy pue ‘(0011 19A0) SWId],

JO AIeSSO[D $O110QOJ3[3) pue YAH{ UY SON0QOI3[3) O} judidyul sa1Sojouyoa UARJJIP QT ISAO SISBIA0)
pue ‘sauyjop ‘soijnuapt Yoels sa10[ouydaLI[2L Yl ‘M0JJ3 1BY) Ul pajedld Os|Y "HOJd SVIHAL 6861

oyl Wolj $3[qeIdAI[dp lofew Yl JO IUO SBM SYDBIS SAANIWHLJGVAT PUB SIANIWLGDISL 9S3Y] JO UOISIIA
1S11] YL ‘opimuoneu saniAndOe sisAjeue ysel Jofew oY) woiy soaniwud qiaa VAT pue S$O10qOId|3]
2142u28 3unsixa AejaUANUI pue ‘(XBIUAS PIAUAIO-QIIA UOWUWOD E JO Isn y3dnoiyl) ozipiepuels ‘duijop
‘apidwod jeyy (syoeis, pajies) saqy eipaunsadAy Suipjing sannbax soantwud 1f10ads gy 03 8umen

‘sardojouysal $o110q0IA3} Ppasnbax

oy Kynuapr 1asn ayy djday o1 (orls SIS[UE U BIA) SYUI| 9SOy} Ojul IfInq udY e sI[ni [euone|dy “(NAJS
‘SINUSS ‘SIWY ‘VAS-WAf ‘SWY-IWAL ‘SLA) pasn (S)wdlss jiom d110QOI3[3) pue ‘(019 swd ‘suwluoide
‘sa01AJas ‘sjool ‘3'3) uonewojur jeroyduad ‘suondwnsse oy yum (saanuund yses syroads s y3noiy)
¥se) e yuy pue Kpoads o3 preDradAy weiSoid eipaunsadAy sy uo spuadop yoeoidde aremyjos SVAL UL

‘PIIONIISUOD 3Q ISnul "0313 ‘s[00) ‘saAniwmud ysey ‘swaisAs YIom 2110qoId[d) ‘sardojouyddy

JO OSEQEIEp JAISUIIXd UB ‘QUOP 3q ued Siyl JO Aue 210jog "dJep PIAU Y W (IS 11QI0-U0) [ [3Ad]
10 (AM[IqejiRAR 11QIO-UO) § [3A97 10J °1Ep [9Ad] SSAUIPEdl 9yl ayew 01 Aduow pue dwy jo umipuadxs
ayy sznuoud pue ‘(31 ajerodiodur Jou S0P I0 S0P YSEI JRY) JOJ PIsn widlsAs d110qoIdfAl 3y Aem

oyl pue ‘|oAd| ssaulpeal s A30[ouydd)l ) Se Yons) SIUIBIISUOD PIOom-[eal Isutede woyl dredwod ‘arep
pasu oy pue sardojouyda) pamnbax asoyr ojer isnw uejd juswdojordp A3ojouyddl Y SIdUBISWNIILD
UIR}IaD JApun ysel 11qio-uo ue wiojiad 0] PIdU B WOl IALIP sjudwalnbar AZojouydsal $510qOIIIL

:ydeoaddy [ed1uydd g

vI-9Ly :NdN
(SVIAL) waishg sisk[euy i0f VAT/SINOQOISRL L

7 2deq




‘pajieisp suondunsse oyl Yim yse; 3yl op 01 Alessaoau satdopouyssr oy SuidojaAsp 10j IeIX [BISIY

£q soaInd 1505 moys [[im elep Sunsedsaloy 1s0d pajesdayur ayr Suisn sisKjeue Sunso) ‘ueld juowdojaaop
A3ojouyda) $5110qoId[9 B AeIrduadas uay) ‘siowered Jje pue jyser oyl suysp A@9[dwod o1 pasn 3q [jim
[001 ayy ‘(patjidads Ju syser ISYI0 10) SISBD IS} FuIdIAIIS AN 33JYl Yl JO YOBd JO4 "Idylo yded o3 pue
[00} SVIAL Sunsixa ay) 01 pajejar 9q U [[m saseqeiep asay], ‘Sunsesasoq 1s0) pue Funso) somo0qoiIdfa],
pue VA ‘SIUSWI[Y SIempiel SON0QOId[dL ‘(WwalsAs YIom ydoed I0J) swAsAsqng soN0qoId[d], ‘S10109)F
pug ‘s|00], SON0QOIJAL :JO Seale Yy ul uonewojui ayl ndur pue syoers prediodiy jeuonippe Aeard
os[e [im Ananoe SVIAL 06Ad UL (68X Ul paysiuly aq jou pinod Auew) s3aBojouydsdl Isoyl 10§ SISEIAOJ
ssoutpear paepdn pue ‘saiSojouyoal mou ‘saantwuud mou are sadueys paroadxs i Buowy ‘u03P O6Ad
ay) jo ued jeosiyiudis e 9q (M (soyoreas piomAay ‘ojdwexa 10j) syoeis ayy ur s[qe[reae sanijiqedes moau
Sunyew pue viep jey) Sumndul jo YIom 3yJ -InsaI1 [[im (suonippe K[[eidadsa) soSueyd Auep -Ayunwuwrod
VAT Pue son0qoIdja) 3yl AQ PamdlAdl pue O} Pased|ds 3q mou Isnul SYOeIS IDUAIIJA ISAY Jo [V

:(p,Juod) yoeoaddy [eduydy ],

vP1-9Ly ‘NdN
(SVIAL) waisg siskjeuy uIOf WATZ/SONOQOISIL, :3NILL

¢ 98ed

v 4

Al




‘payoene anpayds pajieIaQq

06/0€/6 (LS 2P0D) SSO VSVN [enuely sJas() SV(HL
06/0€/6 (LS 2P0D) SSO VSVN uoday feur]
06/0€/6 (LS 2P0D) SSO VSVN *019 ‘suone[al ‘syoels (g UOISIIA SVIHAL 0661
06/0€/6 (LS 2P0D) SSO VSVN Junisesaso 150D % SIS0 SONOQOINIY, pue VAH
(asea[ar wid-plw G'[ UOISIdA SVIAL)
06/0¢€/v (LS 2P0D) SSO VSVN uoday waL-pIN
ueld yied
06/0¢€/Y (LS 2P0D) SSO VSVN wowdojaaaq [eonU) sardojouyds] $ON0QOII[I],
06/0€/v (LS 9P0D) SSO VSVN  $o10qosoja], pue VA Aq sish[euy jyse], 1iqio-uQ
0], isafqedaalfag/sianpoayg
06/1/¥ DUET DYV “1df ‘D4SD VSYN uoyEWIOJUl SIS0 S3I30I0UYDI], SIN0QOII[IL
(warskg yiopm 4£q)
06/1/T VSD ‘VASVN ‘VSVN UOLIBUWLIOJUI SWASASQNS $O110QOIdJI]
06/1/2 VSD ‘VASVN ‘VSVN suonesyidadg 101939 pug
68/1/T DY DAV ISI ‘D4SD VSYN S1SEJ310) % M3IAAL $AIF0[OUYII], SON0QOIA[IL,
06/1/1 $I0)0BNUOD % DSf VSVN uoneuLIOJUl SIS0) VAH
68/1/11 LpE uondg 1df "019 SYoBIS (' UOISIDA SVIEL 6861
tdjeq Tuiod :syndujp
- vI-9Ly *NdN
m-.\.wum“ M - %\ A l -, (SVAL) wasg sisk[euy WwIof VATH/SON0QOIdRL, L
1R PRI RNy IE S S PN e
S|t | T T
L Ldd wend Cand
= -
p a8ey




¢ 40 ¢ 68/ 1/L 06A- OLYE-0-10006-£6T (SVrAL) waskg sisk[euy u10f v AZAIMOqAIS}I]

A9Vd 41Lvd NO I SydA 400D LNNOHIV FILIL 4OVIOVd MHOM
vz
€2
22
1€
02
61
81
LI

[ENUEI SA9S() (' UOISIOA SVl 97
1S€1} 0'ZA SVIAL % uoday feury op
JA 3SEI(JY S YA SVIAL % Uoday WL -pIf 1
/X . isAreuy sjjoapes], 3ojouyos 1| €1
/K 1 m w m sisAfeuy {s0D) 1uswudofaaa(g £Sojouyas 1| 2t
A — 3 . : ufiguiL, wawdopeaaq A3ojouyxdj] 1t
ot
\»r w:m—muoo ] umﬁU\wcﬁmOU SonoqapRL 6
AN z 1 ; - : L : ; : dmseaaog 150p/3unso) vaAd | ¢
 m— “ “ = SIsATEuY YU 1GI0-U0 | ¢
N T 1 L 1 1 dopme)) $100], So110GOIAIL | o
K = “ : —, 1 suoneoyIoadg Joayg pug | ¢
SISEJ2J0, % b
X mataby satfojouyao] sonoqassal, | ¢
wﬂ : “ t : swsAsqng swAasAgapdl | 2
INJNJOTIATA ADV.LS SVIAL] 1 -
S v [ W W d a N 0 m ANOLSTTIN/ALIAILOV m
1

TIVLIIA ONILY0ddAasS NV1Id/ATAAIHDS

v

LNINITIOV FOWAOVAE MM
4




1

REPORT DOCUMENTATION PAGE

1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.

NASA CP-10044

4. Title and Subtitle 5. Report Date
Beyond the Baseline - Proceedings of the Space Station May 1990
Freedom Evolution Symposium at League City, Texas, February
6, 7, & 8! 1990 6. Performing Organization Code
Volume 2: Space Station Freedom Adv. Dev. Prog.; Part 2 HQ MT
7. Author(s)
NASA and support contractor personnel funded under the 8. Performing Organization Report No
Transition Definition 1ine item - UPN 488 S-606
9. Performing Organization Name and Address 10. Work Unit No.

Space Station Engineering
NASA Headquarters

Washington D.C. 20546 11. Contract or Grant No.
MC:MT

12. Sponsoring Agency Name and Address 13. Type of Report and Pe.nod C.overed
National Aeronautics and Space Administration Conference publication

Washington D.C. 20546

14. Sponsoring Agency Code

15. Supplementary Notes

16. Abstract

This report contains the individual presentations delivered at the Space Station Evolution
Symposium in League City, Texas on February 6, 7, 8, 1990. Personnel responsible for
Advanced Systems Studies and Advanced Development within the Space Station Freedom Program
reported on the results of their work to date. Systems Studies presentations focused on
identifying the baseline design provisions (hooks and scars) necessary to enable evolution of
the facility to support changing space policy and anticipated user needs. Also emphasized
were evolution configuration and operations concepts including on-orbit processing of space
transfer vehicles. Advanced Development task managers discussed transitioning advanced
technologies to the baseline program, including those near-term technologies which will
enhance the safety and productivity of the crew and the reliability of station systems.
Spegia] emphasis was placed on applying advanced automation technology to ground and flight
systems.
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